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EDITOR'S PREFACE TO SECOND EDITION 

The continuetl favor which has been accorded to Pro- 
. feasor Haub's Ophthalmoscopy and Ophthuhiiic Diagnosis 
[ bii9 made necessary a new edition, iu which the subject- 
f matter has been brought up to date and a few new 
i clirorao-iithographs have been added, several from Pro- 
f fessor Haab's collection and one from the collection of 
f the editor. It can scarcely be doubted that this book 
' will prove in the future, an it has in the past, of the 
1 greatest use to those who desire to study and teach 
I Ophthalmology. 



EDITOR'S PREFACE TO FIRST EDITION 



The great value of Professor Haab's Atlas of Ophihal- 
UHuttoopy and OphlhnhnoseopiG I>tnr/notm has Ixien fully 
Itstabliehed, and entirely justifies an English translation 
I of bis latest edition. Not only is the student made ae- 
rqiuunted with carefully prepared ophthalmoscopic draw- 

■ ingB, done into well-executeil lithographs, of the most 

■ important fundus-changes, but in many instances plates 
rof tlie microscopic lesions are added. The whole fur- 
nishes a raannal of the greatest possible service, not only 

fcto the btginner in ophthalmte work, but to one who has 
f iar advanced and desires to compare the ohserva- 
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tions of )iifi own Btrvice with those of the ricli clinic 
i'roiD which Profeswir Haab has gathered his plates. A 
few figures liave been added by the editor — imiuely, 
those showing Angioid Streaks in the Retina, mid the 
Ophtlialmoaropic Appearaiicea seen in ArteriosclerosiB. 
As in the Alias of External DUeasts uf the Eye, produced 
under the same editorship, occasional comments are placed 
in brackets. It is sincerely trusted that this book will 
prove of great use to those who desire to study and teach 
Op h t ha Imology , 



PREFACE TO FIFTH EDITION 



Although tliis atlas was already very mut^h greater 
than the first edition, it was nevertheless possible, thanks 
tu the kindness of the publieher, to enlarge the present 
fifih edition by the addition of two illustrations of birth 
injuries of the eye. An illii^trntion of pigmentary de- 
generation of the retina wliieh was not quite satisfactory 
was replaced by a Ijetter one. In addition, several of the 
earlier illustnitions were rolouehwl and corrected in 
various ways. Sonic eorrections and additions have also 
I the text, and it is hoped that this edition, 
;, may meet with the approval of the 



been made 
like its pred< 
profession. 



O. Haab. 




PREFACE TO THE SECOND EDITION. 



The kiad reception accordeil to this volume in various 
countries induced tne to make a number of additions and 
corrections liefore the book went through the second 
edition. Besides adding to the text, I enriched the 
illustrated portion of the work by a nnmber of anatomic 
figures to illustrate the differences between normal and 
pathologic appearances of the eye-ground. They are 
intended to explain the things seen nnder the micro- 
scope and their topographic relations, thus enriching the 
student's patholt^ic knowledge and enabling him to in- 
terpret more accurately the clinical pictures presented 
by the various diseases. 

A few of the original ophthalmoscopic pictures have 
been replaced by better ones, and two have been added 
that are entirely new (retinitis circiuala and true staphy- 
loma in myopia). 

For the preparation of the anatomic figures I am 
indebted to the skill of our academic artist, Mr. L. 
Schrflter, 

Although the pupillometer (Fig. 80, a) does not, strictly 
speaking, belong to the subject of ophthalmoscopy, I 
have, nevertheless, yielding to a long-cherished desire, 
incorporated it in this book— -which is, above all, in- 
tended for practical, every-duy use — -believing that many 
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practitioDers who feel the necessity of determiniDg the 
size of the pupil more accurately than is possible by 
mere inspection will find it a welcome addition to their 
clinical armamentarium. 

Finally, I wish to express my grateful recognition of 
the great care and effort bestowed on the preparation of 
this Atlas by the publisher. 

O. HAAB. 
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INTRODUCTION. 

Examination of the eye-ground by mcanR of the 
oplitbaimoscope is of the highest importance for the 
rec<^nitiou uot only of many affections of the eye itself, 
but also of a great number of diseases chiefly affecting 
organs outside of the eye, as the brain, the kidneys, 
or the circulatory system, and endangering life either by 
disturbing the general nutrition or by setting up a general 
infection. The wide lymph-spacea of the eye and the 
rich network of vessels in the retina offer a favorable 
Boil for the development of many pathogenic germs and 
toxic Bubstances present in the b<xlv. This is especially 
noteworthy in syphilis, both in the liereditary and in 
the acquired variety, although the effects of tubercular 
and rheumatic infection of the organism al^ not infre- 
quently manifest themselves in the eye. 

For these reasons ophthalmoscopic examination of the 
eye-ground is one of the most important methods of 
medical examination. Unfortunately, it is also one of 
the most ditScnIt. This is [tartly because the familiar- 
ity with the tcchnic of the ophthalmoscope necessary for 
obtuning a clear image of the eye-gronnd requires a 
rCertain amount of training and practice, and partly 
because the correct interpretation of the ophthalmoscopic 
;e is often a very difficult matter. An astonishing 
ity of pictures may be seen in the interior of the eye. 
le image of the eye-ground varies greally even in con- 
dona of health, and it is anything but easv for the 
beginner in the art of ophthalmoscopy to determine. 
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in many iustances, whether the conditions present are 
normal or [iathotogic. If, for instance, he sliotild de- 
acribt' tlie fundus of the eye as "ahnorraally reddened," 
an oxpert would know that he has to deal with a 
beginner. 

Still more difficult is tlie interjirelation of the numer- 
ous deviations from the normal which may be seen in 
the eye-ground. It is comparatively easy for one who 
sees only the coarser variations, because he fails to utilize 
the instrument to its fullest extent, or because the in- 
strument itself is imperfect, or, possibly, because his eye 
is not sufficiently well-trained or is defective, or his ex- 
amination is too hasty. Even the expert often linds the 
greatest difficulty in seeing and correctly interpreting the 
more minute [mthologic alterations in the eye-ground. 
Practice and expenence, both the examiner's own and 
that of otlier olwervers, in this, as in many other cases, 
will prove to be the best guides. The latter may be 
either described in words or illustrated by pictures which 
more or less faithfully reproduce pathologic alterations. 

Mere verbal descriptions are even more unsatisfactiwy 
than they are in other similarly complicated domains 
of medicine, especially if the student is imperfectly 
acquainted with the subject. Even topographical draw- 
ings of pathologic alterations in the eye are extremely 
complicatefl, and a correct description of the coloring ia 
often extremely difficult or even impossible. Thus, a little 
more white, or a little more red or gray, may make an 
important diffi^renee in the appearance of the optic nerve, 
and may be enough to show the expert that he has to 
deal with a serious condition, though to the inexperienced 
eye the appearance may be uormal. It is for this reason 
that the examination of the eye-ground by means of the 
ophthalmoscope offers an excellent means of training the 
eye for the perception of the finest shades of color — a 
most useful faculty for enabling one to rcc€)gnize many 
other morbid alterations in the body. Black and white 
pictures of the eye-ground have, Uierefore, very little 
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prolne. They may reproduce the drawing and topog- 

wphy, but as tliey fail to give the inijiortant element of 

»lor, they cnn lie understood and utilized only by one 

I vho already poBse^seB a fair knowledge of the conditions 

\ portrayed.' 

To supplement one's own observations and profit by 
those of others, one must use carefully colored illustrations. 
Although we already possess a great number of illus- 
trations of the eye-ground, both in the usual attases and 
in other works, I am none the less determined to publish 
this epitome and atlas of ophthalmoscopy. In the first 
place, the pictures that exist, especially those that are 
scattered through the literature, are not accessible to 
everyone, and I find that many a picture which would 
be useful to the student, to the practising physician, or to 
the clinical teacher for tiie purjjofie of study and demon- 
stration, is not found in these works. Too many of the 
piottirea reproduce rare conditions which even a man 
of large practice might not see more than once or twice 
in his experience. Again, many pictures of immense 
piactioal importance, especially such as illustrate sub- 
varieties and different stages of the same raiirbid process, 
are often left out. Thus, for instance, it is impossible 
to explain to the beginner the variations of the retina 
Band optic nerve in albuminuria by means of one or two 
lectures, or the manifold forms of chronic choroiditis 
J with three or four illustrations. Accordingly, I have 
f-^ed to avoid showing very rare conditions, and have 
T instead collected as many pictures of practical importance 
~B posBible. All the ophthalmoscopic images contained 
■ '■^Sh volume were drawn from hfe by myself in the 
! of ray practice, and the original ophthalmoscopic 
also of my own preparation. In doing this 
the sketch-book ' was found extremely useful, 

!t I* Mrs much lo be niftretttfl that the iltnitntionti in tho c»tellent 
k by Ooweti, Mrdical (^hllinlmoiTopy, an nut all colored. 

Mk-haok for Ophthatmottoiiic Otfrtationt of IKe Ene^rtntnd, second 
I, unboDnil, PubliBhtal by J. F. LehmiiD, Id Hunich, I6B8. 
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because it combioes mpid execution with the gratesk 
possible degree of accuracy in reproducing tlie various 
shades of color. With the exception of three (Figs. 10, i, 
39, aod 45, a), all the original pictures in tiiig book have 
been prepared according to ray own method, and I am 
convinced that it is the easiest, and what is more import 
tant in drawing from life, the quickest method of obtain- 
ing a picture of all the alterations^ seen in the eye-grouod. 

To become an expert in the beautiful art of ophthal- 
moscopy it is necessary to do a great deal of drawing front 
life. I have become more and more convinced of tius< 
during the preparation of the pictures in the present 
vohimc. Tlie eye^niund would be studied with mtidt 
raore care if the student were to draw ' what he sees, nnd^ 
especially if he were also to reproduce the colors. TlMi 
benefit derived from a course in ophthalmoscopy will be 
very much greater if the student draws what he seea. I 
constantly regret that our medical students are, as a rule, 
BO badly instructe<i in the art of drawing, and that so few 
of them can be expected to produce a lairly decent piot^ 
ure; but even an imperfect picture is better than none 
at all for beginners. 

It is particularly desirable for the student and prac- 
tising physician to have his. ophthalmoscopic pictures in 
a more convenient form than the usual atlases, and the 
idea of presenting them in book form seems to me an 
excellent one. 

The pictures in this Volume are represented .as they 
appear in the inverted image ; that is to say, with mod- 
erate magnification, although I, of course, also used the 
more highly magnified image obtained by the direct 
method in preparing the sketches which are taken from 
life. The figures, therefore, present a moderately en- 
larged image of the eye-ground, leaving out many con- 

> fiMcA-hwl:, p. 4 ; "Tbe ophthikliDoscDpiBtwba posacKHMauy proficiency 
in the art uf drawinK will notice. incidoaUll}'. tbnt the drawiDtc at these 
■katchea aharpeoa his powen of obaecTotion >nd impiewes the picture 
mora firmly on his memory. If ne intend to draw a thing, we are fnrced 
to observe it much more ai'eiirat«ly." 
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ditions which naturally confuse the beginner and are 
tiDnecessary for the expert, such, for instance, as the 
reflexes of the retina and vessels, and the delicate, irreg- 
al»r mosaic arrangement of the pigmentation of the 
fundus, etc. These details, which are seen chiefly in the 
upright image, are very troublesome to reproduce in 
lithographic plates, especially when one considers that 
the lithographic reproduction of even a small image of 
the eye-ground presents great difficulties. I therefore 
directed all my eflforts to obtaining in every instance an 
absolutely faithful reproduction of whatever is typical 
or patholt^ic. The pictures have been so colored that 
when seen in daylight they produce the impression re- 
ceived in looking at the eye-ground with artificial light; 
in other words, the whitish parts (optic nerve, etc.) when 
Been by daylight are not as yellow as they are in the 
original sketches, which were made by artificial light- 
In an artificial or yellow light a moderately deep yellow 
color appears white, hence pictures prepared by artificial 
light are too yellow and must be made more white if they 
■re to produce the same impression by daylight. The 
pictures in Jager's large atlas are colored in such a way 
that they appear correct by artilicial light; but if they 
are examined by daylight the unnaturally yellow color 
of the lighter portions becomes a disturbing factor. My 

tHctures, on the contrary, are a little too white by artificial 
ight, but to judge from all the pictures in ordinary use 
this is neither a serious nor a disturbing defect. In his 
smaller atlas Jager, in accordance with the custom which 
ftroee later, also made his pictures more white j but, it is 
to be remembered that Jiiger's pictures were prepared 
with Helmholtz's ophthalmoscope, so that in many of 
them the gray, and particularly the green, shades in the 
optic disk are unusually prominent (fur instance, in the 
picture of glaucoma). In my pictures the coloring is 
BUch as it appears willi the stron^r ophthalmoscope, 
which, for reasons to be given later, I use exclusively 
in the examination of the eye-ground. 
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DESCRIPTION OF THE OPHTHALMOSCOPE. 

Before the invention of tlie oplitlialmoscopi.' by H. v. 
Helmholtz, in 1851, our knowleaee of the interior of the 
eye in the living subject was as aark as the pnpil itself. 
Until the invention yt'our beautiful instnimeut the world 
had no conception of the interior of the eyeball as we 
now see it with the ophthalmoscope in all its lucidity and 
wealth of coloring. Moat of the pathologic alterations 
visible by means of the ophthalmoscope were not even 
properly known at that time. 

Why is it that we cannot without the aid of an appro- 
priate instrument penetrate into the depths of the eye? 
Why is it that the interior of the eye and the pnpil 
appear black except in a man or animal devoid of pig- 
ment (albino)? 

The conditions are exactly the same as when we look 
into a camera obscura — aa, for instance, a photographic 
apparatus open and ready for the reception of an image — • 
alttiough we know that on the sensitive white plate at the 
back of the instrument there ia an accnrate colored image 
of the objects in front of it, we cannot see a trace either 
of the white plate or of the pictnro. To ns the interior 
of the camera and ihe ojjening through which the rays of 
light enter appear black, and ail that we see in the lena 
occupying this opening is a minute image of ourselves, 
Buch as may be seen in the cornea of the eye. 

No one acquainted with the moat elementary laws of 
optics will have any difficulty in understanding why the 
pupil . appears black, and why, without special instru- 
ments, we are unable to look into the interior of an 
eye. As in the camera obacura, the refracting system 
of the eye, which is a double lens con.siating of the cornea 
and aqueous humor, throws a reduced inverted image on 
the retina. This image appears sharply outlined if the 
eye is properly focusfieil for the object, and blurred — that 
is to say, in diffusion circles— when the eye is not prop- 
erly ftxiussed, just as in the phoiogra|)liic camera. 
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Now we leam from one of the laws of the refraotinn 
[ of lenses thut object and image bear a ilelinite relation to 
I each other — they are said to be reciprocal or conjugate? — 
I that they may be interchanged without neccHsitating 
ly alteration in the dioptric system or in the distances 
1 from the lens to the object and to the image. If in a 
f dark room we obtain on the disk of gronnd glass a clear 
1 image of a candle held at a distance of one meter in front 
of the objeet'lens, and then put tlie light in the place of 
the gronod glass, we will get a clear image of the Same 
by holding tiie ground glass where the light originally 
was, that is to say, one meter in front of the lens. In 
other words, wo may reverse the positions of the candle 
and of the gronnd glass, and in each ease obtain a sharp 
im^e of the candle, providing we retain the original dis- 
tances — in the former case bvhind, and in the latter in 
front of the len-s. The rays of light emitted by the image 
OQ the gronnd glass, after leaving the ap|>aratns, all return 
to the flame of the candle. But as our eyes do not send 
out any rays of liglit when we look into a dark cliambcr, 
they cannot reneive any rays iu retnrn ; lience the oi)en- 
ing of the camera and the objeet-leus appear dark, and 
JD the same way the opening of the eye into which we are 
'ooking ; in other wonis, the pupil also appears dark. 
If, However, niys of light are sent out from the ob- 
fserver's eye, the rays which enter the observed eye return 
to the eye of the observer, and the pupil of the observed 
eye apjtears red like that of an albino. Before the inven- 
tion of the ophthalmoscope an erroneous theory was cur- 
rent that the pigment of the fundus absorbed all the light 
that enters the eye, and the pupil of a pigmented eye there- 
fore appeared black. If the eye-ground of a normal eye 
is illuminated by rays emerging from the observer's eye, 
lough rays will -he reflected hy the eye-ground, which 
ren in a pigmented eye is not entirely black, to enable 
! observer to get a clear image of the other eye. On 
e other hand, the pupil iif an albino is red, not because 
f any want of pigment in the fundus, but because of the 
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absence of pigment in front, so that the rays of light pass 
through the iris, Hclem, and choroid, and illuminate the 
eye at every point instead of only at the focus of the re- 
fieeting media. In such eyes there is no reciprocal rela- 
tion between the object and the image ; the rays emerge 
from the pupil in all directions, and the latter ajtpeitrH in 
a red liglit because the eye-ground of the albino (in man, 
in the white rabbit, etc.) is colored red by the nnmerous 
blood-vessels of the ciioroid. If in the albino the light 
is prevented from entering the eye in this abnormal way 
through the unpigmented tissues outside the pupil, and 
the pupil is then examined, it will appear as durk as in 
the ordinary individual. This can be done by holding 
immediately in front of the albino's eye an opaque cup 
with an ojwning correspoudi ng in size to the pupil. If 
the light is allowed to enter only through tliis opening 
and through the pupil, the latter will appear as black 
as that of a pigmented eye. 

Now we can by means of any simple device, and best 
by means of the ophthalmoscope, send out light from our 
own eye. Even an ordinary glass disk held in front of 
the eye, by virtue of its reflecting qualities, will direct 
into the eye the rays emanating from a light standing to 
one side. If the light is placed to the left of the person 
examined, and the glass disk is turned slightly toward 
the lamp, so that the reflection of the light falls on the 
observed eye, the pupil will immediately appar red when 
seen through the piece of glass (cf. Fig, A). As the rays 
coming from the lamp (L) are in part reflected into the 
observed eye by the glass disk, they enter it in such a 
way that they appear to come from a point l>ehind the 
observer's eye, that is, from the point L^, which would 
correspond to the reflected image of the lamp. Since 
they enter the observed eye they illuminate the eye- 
ground. If the eye is focussed for the distance of the 
reflected image of the lamp, a clear image of the lamp 
will be produced on the fimdus; but if the eye is not 
focussed for this distance, the image will be blurred. la 
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any case a certain portkin of the eye-ground of the ob- 
served eye is illuminated and thereby enabled to send 
buck rays of light. These rays return to the object — in 
litis case the flame of the lamp. As the disk of u;1as8 
not only reflects but also transmits light, a portion of the 
rays returning from the observed eye pass through the 
gla'a and enter the observer's eye, while the remainder 
are reflected toward the lamp and lost to the observer. 

But the amount of light entering the observer's eye in 
this way is very slight nnd the illumination of the pupil 




PlO. A.-rngrainalion of lUe e.vo nndt-r piammBlii.n ( V».) by means 

I «f the gl»a disk. Gl.: two of Ihe mjx cominK front a paint <n tht- ligbt 
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Ibbb the eyei part of Ibo utber ray pss^s thToagh the tflasn {GKl and IH 

■tta the obseiTer(fie.), while tbi- remainder u reOeuted into the e;e of 
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I of the observed eye correspondingly weak. The light 
Imsy be increased by adopting Helmhollz's plan of laying 
fwTeral glass disks one upon tbe other, but even with such 

■ an arrangement the amount of light entering the ob.eerver's 

■ eye i» comparatively small. A much better result is ob- 
Viuoed by throwing more ligbt into the observed eye, so 
■Ihat the eve-ground is more powerfully illuminatPii and 
■:aoconlingly sends back more light, and, secondly, by 
tallowing the returning rays to enter tlie observer's eye 



OPUTIIALMOSCOPY. 

without being weakened ; tliut is tu say, tlirougli ii hole 
ill the mirror. 

Accordingly, Helmholtz'a disks were soon replaced by 
a true mirror which throws much more light inio the eye. 
By scraping away the coating from a small spot in the 
center an opening was obtained for the returning rays to 
enter the observer's eye. The amount of light entering 
the eyes, both of- the observed and of the observer, may 
be still further increased by using a concave mirror which 
concentrates the light before thnjwing it into the observed 
eye, and by making an actual opening at the center of 
the mirror, so that the returning rays meet with even leas 
resistance in their passage through the mirror. 

By thus illuminating the eye with the rather weak 
Helmhollz ophthalmoscope, or better, with the somewhat 
stronger but wtill comparatively weak plane mirror, or, 
best of all, with a powerful concave mirror, we can 
obtain a distinct view of the otherwise invisible eye- 
ground. As the illuminated fundus sends out rays of 
light which enter the observer's eye in the manner ex- 
plained, it is evident that the observer obtains in his own 
eye a clear image of the eye-ground observed. The fun- 
dus of the observed eye is converted into a luminous 
object which we can see like any other object in the out- 
side world. Strictly speaking, however, we see the eye- 
ground as we see an object through a magnifying glass, 
the reflecting media of the observed eye forming u lens 
through which we sec the individual portions of the eye- 
ground under a high magnification. Some persons require 
additional aids to obtain a clear view of the eye-groiuid 
by the mcthoil just described. 

This methn<l of examination is known as the dived, 
method or the mflhoii mth t/te erect image. It is called 
the direct method because it enables a normal eye to 
examine another normal or hypcrniclropic eye without 
any additional aids. It is culled the examination with 
the erect image because we see the eye-ground right side 
up like any other object in the outer world. 
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I. EXAMINATION IN THB ERECT IMAGE. 

Without certain deviccB to alttr the direction of the 

' rays of liglit emerging from the patient's eye, this 

method of exaniinutioii is often impossible, and this 

I brinops us to a further and very important feature of 

ophtnalnioscopic e sum i nation. 

It appears that tlie ophthahnoscope not only enables 
\ tu to see the tilings which are to be seen in the eye- 
ground, but also furnishes us with the means of accurately 
measuring the refracting power and the structure of the 
I observed eye ; and these data are most valuable, since 
I they arc entirely objective and render us independent of 
the patient's stiitements. To do this we use our own eye, 
the refractive system of the eye examined, and possibly 
I certain convex or concave lenses, aud thus calculate in 
the simplest possible manner the optical power of the 
obser^'cd eye. 

To understand this it is necessary first to consider the 
manner in which the entering rays leave the eye in the 
ease of a normal, a myopic, and an hypermetropic organ. 
' Aa lias been explained above, the rays of light always 
return to the point from which they have corae and on 
I which the eye is therefore focussed — in the above exam- 
ple the flame of a candle fixed at a distance of one meter 
in front of the eye. In this case the eye is accommodated 
for the distance of one meter. An emmetropic eye with- 
out accommodation is, of course, focussed for infinity; 
, that is to say, for parallel rays. The fundus of such an 
I eye, therefore, reproduces a clear Image of all-objects 
I'-^ending out parallel rays of light ; in other words, of all 
I distant objects. As the diameter of the pupil is very 
Imiail, an object may be considered distant if it is 3 to 3 
T meters away from the eye; lluit is to say, the error of 
roonsidering rays coming from such a jmint as parallel 
Liaye is infinitesimally small. When, therefore, an om- 
etropic eye looks into infinity or luoks at an object 
5 meters away, the rays of light leaving the 
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illuminated eye-eround also return to infinity and are 
therefore parallel (cf. Fig. C). It follows that if we 
examine an emmetropic eye by the above-described direct 
method, the rays of light emerging from the eye imme- 
diately form a clear image of the fundus on the observer's 
eye, providing the observer also looks into infinity; in 
other words, adjusts his eye to parallel rays. If the 
observer accommodates instead of looking into infinity, 
he will obtain a blurred image of tlie observed eve- 
ground; but as in order to look into an eye one has 
to get as near to it as possible, jitst as when looking into 
a room through a key-hole, it is somewhat difficult to 
relax the accommodation. This is one of the greatest 
difficulties encountered by the begiuner in attempting to 
examine by the direct method. 

It is, however, absolutely indispensable if he wishes to 
obtain a correct measurement of the refraclion of the 
observed eye; in other words, the observer's eye, in 
order to measure the refraction of another eye, must 
relax its accommodation completely, because it is impos- 
sible to calculate the increase in the refractive pi>wer of 
the observer's eye due to the accommodation. We can 
measure our own accommodation only when we know for 
what distance, that is to say, for what degree of diver- 
gence of the rays entering our own eye, it is focnssed ; hut 
the very object of an examination by the direct method 
is to determine the divergence of the rays of light which 
leave our own eye. 

It follows from what has been said that the observer 
must know the exact refractive power of his own eye in 
order to be able to measure that of the imlient's eye. If 
the obser%'er is emmetropic, he gets a clear image of the 
eye^round of the patient's eye without any further ap- 
pliances. If he is myopic, he will obtain a blurred 
image, as everytliing that sends out parallel ravs, or in 
other words, is at an infinite distance from his eye, 
appears blurred. To see distant ol^ect« the myope 
needs spectacles with concave lenses ; hence to examine 
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by the direct method the myope must also use a correct- 
ing glass, whicli he places liehipd the opening in the oph- 
thalmoscope, if he wishes to obtain a clear image of the 
eye-ground of the emmetropic eye. 

If the observer is hypermetropic, he is in the same 
position when he attempts to examine by the direct 
method as when he looks into infinity; he must, since 
bis eye is not focussed for pamltel rays, either wear a 
correcting glass with convex lenses or accommodate. 
But as he is not allowed to resort to the latter expe- 
dient, he must, during the examination, use a glass 
which completely corrects his hypermetropia. His hy- 
permotropia must be completely corrected, so that he 
may not be forced to compensate for some unknown 
d^ree of hypermetropia by using his accommodation. 
This is particularly difficult for the hypermetrope, be- 
cause he has become so accustomed to correct his optical 
error by accommodating tliat he finds it very diffieult to 
substitute a correcting lens for his power of accommoda- 
tion. He continues to accommodate even when looking 
through the correcting lens — at least to some extent — ana 
is accordingly over-corrected. This is particularly the 
case in high grades of hypermetropia when the individual 
18 young and the power of accommodatioQ is well pre- 
served. 

Surgeons with moderate hypermetropia are, therefore, 
often compelled to resort to some other means of meas- 
atiag the refraction if they do not wish to depend on the 
patient's statement — either to Schmidt-Rimplcr's method 
ay means of the inverted image, or to the shadow-test. 
rOiese two methods will be discussed later. 

We have assumed up to this point that the person 
examined is emmetropic and that the observer is emnie- 
trofnc, myopic, or hypermetropic. What is the condition 
of affairs when it is desired to examine an eye with ab- 
Donnal refraction? We must first determine in what 
my the rays emitted by an illuminated eye-ground leave 
tbe eye in the case of myopia or hypermetropia. Again, 
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we assume that the anietropie eye under examination luoks 
into infiuitv, eu that the auconiDiodation, wliich we cauaot 
compute, may be disregarded in the calculation. The 
patient, whether he be eninietropic or amotropic, must 
aln'ays relax his accoainiuilation while his refraction is 
being taken. 

Measurement of the Myopic Eye. 

A myopic eye, wlien it is not accommodating, ia 
focussed for a jwint at a finite distance, depending on 
the degree of myopia. This point is known as the/nr 
poinl (punctiim remotuin). It is the farthest point at 
which an eye of this kind sees distinctly. Only those 
raya whicli come from this point are collected on the 
retina and form there a distinct image, when the eye ia 
looking into infinity without accomnuHlating. Rays com- 
ing from a more remote point are focussed in front of 
the retina, and the image formed on the retina ia blurred. 
The reason that the image is formed in front of, instead 
of on the retina, as in the normal eye, is iisnally that the 
myopic eye ia too long (cf. Fig. D) or that the refracting 
power of the lens is too great. Excosstve length of the 
^eball is the chief cause of myopia. In onTer to see 
distant objects distinctly, the myopic eye must be corrected 
by means of a concave lens which weakens the refraction, 
BO that the entering rays arc focussed on the I'etiiia, behind 
the focus of the lens. 

Lot us now consider how (he rays emanating from an 
illnrainated portion of the oyo-grmind in a myopic eye 
leave the eye after traversing the refractive media in the 
contrary direction. If the eye does not accommodate, 
they will tend to convei^e at the far p<iint (cf. Fif^. D), 
since the far point is at a finite distance from the eye 
(«', b', plane of the far poiut). If the far point is situ- 
ated at a distance of one meter (nym the eye, the degree 
of myopia is equivalent to a lens of one-meter focus 
(diopter), and the error in such a case is corrected by 
means of a lens having a fiK-nl distance of one mefer. If 
^e farpoint is situated at 0.5 meter from the eye, the 
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error is twice as great and the correcting glass must be 
twice as strong ; that is, a glass equivalent to two meter- 
lenses or diopters ; or, in otlier words, a lens having a 




FlOS. B, C, I). — Einmi nation in the erect image when the eye eiain- 
ined ia bfpemiptropic. emmetrdpic, or myopic. In each li|;ure ttiree raya 
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focal distance of OJt meter. If the distance of the far 
point is ^ meter = 25 em,, the degree of myopia ia four 
times as great =4 diopters, and the correcting glass must 
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have a focal length of ^ rapter = 25 cm., eta. In the last 
case, for instance, the myopia is corrected by a concave 
leus of 4 D (with a focal diHtance of 25 cm.), hecaiise 
such a glass when held immediately in front of the eye 
renders parallel rays coming from infinity so divei^nt 
that they appear to come from tlie far point of the 
eye, which is at a distance of 25 cm. ; for a concave 
lens of 4 D lends such a degree of divergence to entering 
parallel rays of light that they seem to come from the 
ibciis of the lens (=25 cm.). 

It follows, therefore, that the rays of light leaving a 
myopic eye convci^e to the far point. If, therefore, a 
normal eye is placed hehlnd the ophthalmoscope it will 
not see anything of the eye-ground, since it is not focussed 
for convei^ing rays of light, for convei^ing rays do not 
occur in nature without a special cause. Tlie examiner's 
eye, therefore, retjuires an additional leus behind the oph- 
thalmoscope of such a strength as completely to correct 
the myopia of the examined eye; or, in other words, to 
render parallel the rays which emerge from the examined 
eye, since the normal eye is focussed for parallel rays of 
light. The degree of myopia of the examined eye can, 
therefore, be found in this way by selecting the weakest 
concave leus with which it is possible to get a distinct 
image of the fundus. The weakest concave lens must be 
selected so as to eliminate the examiner's own accommo- 
dation, for he could see quite distinctly with a stronger 
concave lens, because his power of accommodation woidd 
enable him to neutralize the excessive concavity of the 
lens. 

If the observer is myopic, he will need, in order clearly 
to see the fundus of another myopic person, a concave 
lens strong enough to correct both hia own and the other's 
myopia. If, for example, he finds that a lens of 5 D is 
the weakest lens with which he can see the eye-ground 
clejirly, and if he himself has a myopia of two diopters, 
the examined eye has a myopia of 3 I). 

If, on the other hand, the observer is hypermetropic 
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to an extent, let us say, of two diopters and finds the 
correcting concave lens to he one of 5 D, he must add 
his own hypermctropia, iind tlie patient's eye in that case 
has a myopia of 7 D. An cmmetrupic observer in this 
case would need a concave lens of 7 D, bnt tlie hyper- 
metrope needs one of only 5 D, because his own correct- 
ing convex glass of 2 D neutralizes the effect of a con- 
cave gloss of 2 I). He would also need - 7 if he looked 
through the ophthalmoscope with his own correcting lens 
of 2 D. But it is better to have only one lens W'hind 
the ophthalmoscope, hence he will need only — 5 instead 
of — 7 to correct tlie myopia of the examined eye. 



Measurement of the Hypermetropic Eye. 

Having now con.siderod cases where the examined < 



■ris either emmetropic or myopic, we must consider the 
possibility of its being bvpermetropie. 

Again, we must consider how the rays of light emerge 
from an hypermetropic eye when ii is ilhiminatctl with the 
ophthalmoscope. An hypermetropic eye without accom- 
nodation is focussed neither for parallel nor for diver- 
[ent, but for convei^ent rays of light (ef. Fig. B); that 
I to say, only eonvei^nt rays of light arc collected on 
he retina to form a distinct image. Parallel rays of 
Ight entering the eye unite to form an image behind 
he retina at the point/, either because the axis of the 
lypermetropic eye is too short or because its refractive 
rstem is too weak, as, for instance, when the lens is 
IneDt. In either case the refraetive system of the hy- 
lermetropic eye is insufficient a>i cumpared with its 
Xia, and therefore requires a re-enforcing lens. The 
lypermetropic eye can, by exerting its accommodation, 
■ease its refractive ]H>wcr by increasing the refrac- 
I of the lens, so as to bring the image forward and 
S to the retina. It differs fi-om the emmetropic eye in 
le fact that it has to accommodate even when looking 
rto infinity, but this can be obvialeil by the use of a con- 
es lens. As a rule, the visual error in the hyperrae- 
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tropic eye is only [Mirtially corrected by a lens, the indi- 
vidual correcting tlie remainder himself. In fact, it is 
impossible in youthful subjects, whose power of accom- 
modation is vigorous, to find the degree of hyi»ermetropia 
by means of correcting lenses. Such persons always 
accommodate more or leas when they fix an object, and 
they will accept oidy a convex glass M'hich corrects a 
portion of their hypermelropia. This portion is called 
the mani/ent kypa-metropia of the individual, while that 
portion which is corrected aud concealed by the accom- 
modation is known as the latent hifpenneiropia. As the 
individual grows older and the power of acoommiHlation 
diminishes, the manifest hypernietropia increases. If the 
accommodation is entirely removed, either by age or by 
a drug (atropin, homatropin), the total hypernietropia be- 
comes evident. 

The examination in the erect image furnishes a very 
convenient methoil of determining an individual's total 
hypermelropia without artificially paralyzing the accom- 
modation; for if ihe hyjwrmctrope, even though he be 
young, does not focus his eyes, but looks into the distance 
in the dark room, he will not accommodate during the 
examination with the ophthalmoscojw, and the rays of 
light leaving the eye will follow the direction given them 
by the structure of the media ; that ia to say, they diverge. 
The degree of divergence is projTOrtional to the degree of 
hypermetropia and inversely proportional to the distance 
of the negative far point behind the eye. If the hyper- 
metropia is such that the eye is focnssed only for rays 
which converge at a point 0.5 meter behind the principal 
plane of the eye, the error is corrected by a convex lens 
having a focal distance of 0.5 meter, or a lens of 2 D. The 
hypermetropia is 2 D. If in order to be collected on the 
retina the rays require a greater degree of convergence, 
for example, to a point only 25 cm. behind the principal 
plane of the eye; in other wonls, if the far point is 25 
cm. (~ \ meter) behind the eye, the error is twice as great. 
The hypermetropia is 4 D, and the correcting lens must 
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be of cqiial strength, tinleaa the individual when looking 
into infinity nccommndates to the extent of 4 D. A 
Una of -t-4 D held in front of snch an eye will, there- 
fore, give to ihe rays coming from infinity Uie necessary 
degree of convergence ; for a convex lens of 4 D, held 
immediately in front of the eye, refraels parallel rays 
.entering the eye in snch a way that tiny converge toward 
the focUH of the lens — 25 cm., which is also the far point 
of the eye, as we. may disregard the distance frutu the lens 
to the principal plane of the eye. 

The same irorrecting lens will render the divergent rays 
emerging from the eye parallel, since tlioy come from the 
fi>cus of the lena. Approximately the same result is 
obtained hy holding the correcting lens behind the open- 
ing in the ophthamioscope. An observer with normal 
vision looking into snch an hypermetropic eye will be 
able to see the fundus distincfly. He could, of course, 
see it without a correcting kms, hut only hy using his 
accommodation to the extent of 4 D in the present exam- 
ple, which would be a source of error in obtaining the 
measurement of the eye. 

If the observer himself is hypermetropic, he must 
combine his own correcting lena with that required by 
i^e examined eye. To dctennine the error of the exam- 
ined eye he must subtract his own correcting lens from 
9ie convex lens used. It is best in this case to use the 
BtTDOgeat lens with which the fundus can be seen dis- 
tinctly, BO as lo avoid neutralizing a certain portion of 
the hypermetropia by one's own accommodation. 

If, on the other hand, the observer is myopic, he needs 
a weaker correcting lens than does the observer with 
normal vision, because his own error neutralizes the error 
of the examined eye. If, for instance, the observer's eye 
is focussed for the rays coming from a distance of 20 cm. 
(myopia 5 D), his eye without accommodation is focus-sed 
for rays emerging from the eye of an hy]>ermGtroj;>e of 6 D, 
imd he therefore necils no glass. The hypermetropia of 
patient's eye in such a case is equivalent to the esam- 
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iner'a myopia. If the observer requires a convex lens 
he must add to tlic value of thia lens the number of 
diopters of his own myopia. If, for instance, bis myopia 
amounts to 3 D and he needs a I 2 D lens to see the 
fundus, the ^uitient lias an liyjM;rmetropia of 5 D. If a 
myope of 7 D needs only a — 3 D lens, the patient has 
an hypermetnipia of 4 1>, 

The beginner in oj)hlhatnioscopy should always re- 
member (cf. Figs. B, C, D) that rays emei^ing from an 
emmetropic eye are parallel, those from a myopic eye 
convergent, and those from an hyjiermetropic eye diver- 
gent; and, conversely, that the examining eye without 
accommodation is foeussed for parallel rays of light if it 
is emmetropic ; for divergent rays, if it is myopic ; and 
for convergent rays, if it is hypermetropic. 

From what has been said we may deduce the following 
general rules : 

If in order to see distinctly the eye-ground of another's 
eye an ametrope needs — 

(1) A lens of the same kind as that which corrects his 
own ametropia, but of a greater strength, he must sub- 
iract the number of his own diopters from the diopters 
of the lens used. 

(2) If the required lens is of the same kind, but from 
1 to 10 diopters weaker than that which corrects his own 
ametropia, the refractive error of the examined eve is of 
the contrary kind an<l amounts to from 1 to 10 diopters. 
(Examples: If the observer has a mvopia of 6.0 and 
needs — .5.0, the eye examined has an hyjwrmetropia of 
1.0, If the observer needs a 4.0, the eye examined has 
an H. of 2.0, etc. If the observer has an H. of 4.0 and 
needs a + 3.0, the eye examined has a M. of 1,0, etc.) 

(3) If the required lens is of the contrary kind from 
that required to correct the observer's ametropia, the eye 
examined has the contrary refraction, and the amount of 
the error will be equal to the number of diopters of the 
reqnireil lens jiht» the number of diopters of the oh 
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I KTver's correction, il being immaterial whetlier tLe luns 
r {bund is stronger or weaker than the examiner's own lenH. 
Examples : It' the examiner hau M. fi.U ami needs u + 3.U 
lens, the patient has an hypernielropiii of 8.0. But, if the 
examiner has H. 3.0 and nee<ls a -4.0 lens, tlie patient 
has a myopia of 7.0. If the examiner has H. 3.0 and 
needs a -2.0 leus, the patient has a myopia of 5.0. If 
the examiner hiu M. 3.0 and needs a -f 5>0 lens, tlie patient 
has an hypermetropia of H.O. 

The refraction can be determined even more rapidly in 
the erect image by means of a simple formula VwhwI on the 
feet that the strength of the lens found with the oplithal- 
moscope — (Sp) — is equal to the sum of the amelnipia of 
Lihe examiner (A) and that of the jMitifnt (x). Hence the 
nrmula : 

Sp = A f I. 

Hence, if the examiner's ametropia is deducted from the 
reagth of the lens fonnd with tlie ophthalnioscojH' (Sp), 
e remainder is the patient's ametropia : 



In carrying out this subtraction it mnst be remembered 
bat the subtraction of a negative quantity is ci[uivalent to 
tddition. 



(■ S f2 D, Hyp.) 
+ 7 (7 D. Hyp.) 

- 7 (7 D. My.) 

-aJsD.My.i 

+ B (3 ». Hyp.) 



In order to be accurate in determining the refraction 

■f an eye the following points must be observed : The 

ioptric conditions of that portion of the eye-ground 

rhioli corresponds to the i>oii]t of clearest vision — viz., 

i macula liitea or fovea centralis of the retina — must 
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be determiued. Hence in measitring the refractioii of 
au eye the examiner must obtain & good view of that 
portion of the eye-ground. Now the macula liit«i is the 
most difficult portion to see, because when we attempt to 
examine it the pupil coutracta and the reflection of the 
light on the cornea is most disturbing. 

Besides, it is not very easy to determine whether the 
image is clear when we iuok into the macula liitea, 
because tliere is a lack of conspi<;uou3 marking.^, the 
retinal vessels being at this point extremely smalT, All 
that can be seen is a fine stippling of the eye-ground 
due to the somewhat variable amount of pigmentaticfB 
of the cells forming the pigmented epithelium of the 
retina. The darker the eye-ground, the more uniform 
it usually appears and the more difficult it \s to focus 
accurately. It is true that in dark eye-ground;-, espe- 
cially in young individuals, n small bright sickle or ring 
is seen, due to the reflection of the light at the bottom 
of the fovea centralis, and although this reflex is a little 
in front of the retina, the difference is so slight that it 
need not be considered in calculating the refraction. If 
the fovea reflex is ioo indistinct to be utilized in this 
way, it is best to look for the vessels which pass from 
the optic nerve toward the macula lutea or for a vessel 
coming from above or below and running toward the 
macula. 

The beginner will do well to confine himself to the 
temporjil margin of the optic disk, as it is more clearly 
outlined, and the presence of blood-vessels which pass 
over it toward the macula (cf. Figs, 1, 4, etc.) makes it 

fossible to obtain measurements in the various meridians, 
n this way the so-called astigmatism of the eye can also 
be measured, 

MeasuremeDt of Astlgmattoiti. 
The term aal'ignuttium is applied lt> an abnormal refni 
tive condition of the eye in whicli one or more of t 
refractive surfaces, instead of being >iplierical or j-light 
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panibolic, have a grciiter curvature in iiuc ueriiliau than 
in (he meridian at ri^ht ancles to it. When a pencil of 
rays divei^^ing fnini a luoiinoiis point impinges on a re- 
fractive fiurfiice witli an equal curvature in all its merid- 
ians, as, for inslonre, a hemisphere lit^e one of our glass 
lenses, the mys arc all united in one point, disregardiug 



ti tliv vertical than 




thwe which strike the lens too near the mai^in, known 
as marginal rays. But if the pencil of rays impinges 
on a surface having a weaker curv'ature in the hori- 
zontal than in the vertical meridian (cf Fig. E), the rays 
passing through the vertical meridian are more strongly 
refracted than those passing through the horiKoniai, 
Hence the former rays are brought ta a focim at a jinint 
nearer the refractive surface than are the luttcr. The 
surface ha.<^ two foci, and rays emanating from a Inmin- 
OUB point (" homocentric " pencil) are not unltcti at any 
one point behind the refraiJting surface, hence the name 
BBtigmatism {d, priv;itive ; to irriy/m, tiie point). 

As every point on ihe object must have a correspond- 
ing point in the image in order that a clear image may 
be produced, it follows that an astigmatic surface can 
produce only a distorted image. Hence the image on 
the retina of an astigmatic eye will be distorted whether 
the abnormal curvature is in the lens or in the cornea; 
' and, conversely, when such an eye is examined with the 
nththalmoscope, the markings on the eye^round (optio 
isk, vessels of the retina, etc.) appear blurred and can- 
Ot be brought out clearly with any additional spherical 



;!6 I'l'ifTiiAUwscury. 

A K'lis witli a ciirvatiiru in only one direction — a 
so-calk-d cylimlrmtl U-ns — is retitiircd. A leiia witli no 
curvature in the vertical, and a cor resiwn ding positive 
ourvatnre in tlip horizontal meridian will, in the above 
example (see Fig. E), correct the ahnoriually weak hori- 
zuEitai curvature of the refracting surface. Some ophthal- 
moscopes permit of the use of such cylindriuil leiiees, 
but they are not absolutely necessary for the measure- 
ment of astigmatism. With a little practice it is usually 
quite possible to measure the refraction for every indi- 
vidual meridian. [Dr. B. Alex. Randall has designed an 
ophthalmoscope which carries a disk, by means of which 
cylindrical lenses can be rotatctl behind the sight-hole, 
which is of great praclical value. — Ed.] 

The student tihonld remember that the vertical meridian 
of a spherical or sphericocylindrical (astigmatic) lena 
corrects the horizontal and not the vertical lines of the 
object, while the horizontal meridian corrects the vertical 
and not the horizontal linos. If, therefore, the horizontal 
vessels running from the optic disk toward the macula 
are seen distinctly, it shows that the refraction of the 
vertical meridian of the refractive system has been cor- 
rectly determined. Another glass will be re<juin*d to 
obtain a clear image of the vertical lines (those, for in- 
stance, that run into the macula from above or below), 
or of the temporal margin of the optic disk which at one 
point is approximately vertical. This glass corresponds 
to the refraction of tlie horizontal meridian of the refrac- 
tive system. 

It happens sometimes that the princi|>al meridians 
intersect each other obliquely instead of at a right angle. 
In that case the use of a certain lens will enable llie 
observer to see the vessels running outward and upward 
near the optic nerve, while those which run outwani and I 
downward apjiear quite indislinel. To sec the latter I 
another gla.-is will be required, with which again the f 
vessels running outward and upward will appear in 
distinct. In measuring the astiguiatisni it is of l' 
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greatest imiiortance that both iho examiner and the 
patient relax their aceomnio<iation. 

Oire must also be l;iken not to look through the Icna 
obliquely. This should always be avoided as mudi as 
possible, otherwise the observer might discover astig- 
matism where none is present, or even, nnder certain 
conditions, correct ai^tigmatism without knowing it ; for 
by looking obliquely through an ordinary spherical lens 
we get the effect of an imequal refraction exactly similar 
to the regular astigmatism now under discussion. 

We also speak of irreffular cuttigmatism. This occurs 
when a refraclive surface 1ms an irregular curvature, as, 
for instance, when the sur&ce is uneven. The image in 
this case is blurred and cannot be made distinct for any 
length of time by any means in our power. Irregiilar 
astigmatism is usually due tu inequalities in the surface 
of the cornea corresponding to more or less marked 
opacities. These defects in the cornea can usually be 
recognized by means of lateral Illumination. 

Finally, in measuring n?fraction with the oplithal- 
moscope by the direct method, the distance lietween 
the observer's eye and that of the patient must be 
conaidere<l. 

It should always be as short as possible, otherwise the 
correcting leus of the ophthalmosco|)e is too far removed 
from the eye cxamiuL-d, and its refractive |)ower is altered. 
The power of a concave lens is lesaenisl by increasing its 
distance from the eye ; and, conversely, a convex lens is 
more powerful when placed at a greater distance from 
the eye, which explains why old people often push their 
spectacles down to the tip of the nose to make them 
stronger. 

This error requires correction in strong lenses, but 
may be disn^rdcd in weiik glasses, especially as the 
pectacles to be ordered will always be worn at some 
istance from the eye. 

In using strong lenses it is, therefore, always to be 
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borne in iniud that the corroptiiig leuses found with the 
ophtlialmoscope will lie too strong in myopia aod too 
weak in hyperrnetropia, if the observer's eye is too far 
away fi-oin the eye cxiimiDed. In siieh a case, therefore, 
the myopia of the eye examined ia weaker and the 
hyperrnetropia stronger than the lens in the ophthal- 
moscope. 

Size of the Ophthalmoscopic Field of Vision. 

Another reason for coming hb elose aa possible to the 
eye nnder examination is that it ia easier in that way to 
look into (he eye tlirough the comparatively narrow pupil. 
By coming as close to the pupil as possible the observer 
is able to see a lai^r portion of the eye-ground without 
changing the relative positionsofliisownand the patient's 
eye ; in other words, the ophthalmoscopic field of vision ia 
increased. If the pupil ia very small, it must be dilated 
either by ahietding the other eye from the light, or by 
means of drugs — homatropin in 2 per cent., or enphthal- 
niiu in 5 per cent, solutions. From 2 to 3 drops instilled 
within five minntea usually suiSee to produce the desired 
amount of dilatation within twenty minutes. The use 
of atropin for this purpose is to be avoided as much as 
possible, as its action lasts too long and may produce 
increased intraocular tension (glaucoma), especially in 
elderly people, [No mydriatic is entirely free from the 
danger of producing glaucoma; even euphthalmin has 
caused this disease, witness a case reported by Knnpp. 
Kuphthalmin mydriasis may lie neutralized by the instilla- 
tion of II pilocarpiu solution (gr. j-(sj) before the patient 
is dismiaacd. — Ed.] 

An esperieneed observer will very rarely need to dilate 
the pupil anilirially in a normal eye unless he parliculurly 
wishes fo examine the macular region. For tliis purjKise 
artificial dilatation is often indispensable, especially in 
elderly people, who usnallv have smaller pupils than 
young persons, For similar reasons the o|)eiiiMg in 
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the ophthalmoscope should not bo ton smail. The 
most desinible widlli is 3.5 mm. [Some surgeons 
prefer & smaller opeuiug — c. tj,, Jackson reojmmenda 
thai the aperture iii the mirror sball be 2 mm. in diam- 
eter. — Ed.j 

The size of the ophthalmoscopic field further de{>enda 
OQ the refraction of the eye under examination. It in 
greateBt in h_vj)ermctropia, because, 83 we have seen, the 
raysdiverge after leaving the eye; smaller in emmctropia; 
and still smaller in myopia, because the emerging rays 
converge. 

Another factor that influences the size of the ophthal- 
moscopic field in the direct method in the size of thcfiame 
used in the examination, jiarticularly when a strong con- 
cave mirror is used, one, for instance, wilh a focal dis- 
tance of 16 cm., which is also employed in t!ic indirect 
ithod, soon to be di-sciissed. With a mirror of this 
land one often gets an inverted iniugc of the flame 
Ion the eye-gn»und while everyliiing else is iiidistin<?t. 
Beginners will, tliereibre, do well not to use too small 
K flame. 

If it ia desired to illiiminale a very lai^e field a con- 
ve mirror with a ve;'y short focal distance may l«! used. 
thw third mirror, however, complicates the instrnment 
llDneeessarily. 

This hrings us to the choice of a mirror in the direct 
itbod. Besides the strong concave mirror just <lescrihed, 
lich IB best for beginners, we may select cither a 
tUne mirror or a concave mirror of about 16 cm. focal 
inee, which is also used iti the indirect method. The 
itter is decidedly to be preferred in the exaniiDation of 
le macular region, which on account of its dark color 
nsuallj reflects very httle light. The macula is not suf- 
ficiently illuminated by the plane mirror, nUhough the 
latter has the advantage of not contracting the pupil quite 
■0 much. 
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II. EXAMINATION BY THE INDIRECT METHOD. 

This method, first proposed by Rut*, cousisls iu illumi- 
nating the ej'e-groiinu liy means of a concave mirror and 
holding a strung convex lens (13-20 D) at the near 
poiut; that is t<i say, at a focal diHtance of 5 to 7.5 cm. 
from the patient's eye, so as to unite the rays of light as 
they emerge from the eye and pnxluce a tnie inverted 
image (cf Fig. F. To save room the lens and the eye 
of ihe observer are shown somewhat nearer the patient's 
eye than they ought to be). In this method the observer 
sits at a greater distanee from his patient, and sees the 




Flo. F. — Emniiuittinn of an eniTDelropic eye liy Ibe indirect melhoil : 
the panllel raya of light corning from the «ye are fotuaed by the leua 
( I,), and fonn it true inverted ima^e which ia directly sesn by the obserser 
[Be.); i/. pTiuci[«l plane; Jfy. aiid //#.. the reepectivt: points where, in 
myopia and bypermetropla, the inverted ituaKo is fanned, Tbe opb- 
tbatmoscope is nut sbowu. 

inverted image very distinctly by looking through the 
opening in the ophthalmoscoj>e. As he must use his ac- 
commodation to see tile image, he must be at a distance 
of 25 to 30 em. [This accommodative strain may be 
relieved and the image magnified by placing behind the 
opbthaImosi;ope a convex glass of 4 D, which adapts the 
emmetropic observer with relaxed act^'ommodation for a 
point 25 cm. distant. — En.] 

In high degrees of myopia the observer can in this 
way obtain an inverted image of the eye-ground without 
the aid of aD additional lens, us may be seen in Fig. I 
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(p. 27) ; for the rays emerging from a myopic eye convei^ 
to such an extent that they form a true inverted image 
ftt the far point. Hence, if on simply illnminating the 
eye and looking tiirough the hole in the mirror an in- 
verted image of the vessels or part of the optic nerve is 
clearly seen within tlie red glare of tiie pupil, we may 
conclude that we have to deal with a liign degree of 
myopia. To determine whether the image of tne eye- 
ground seen in the pupil is an inverted or erect one, 
the observer notes whether the veflsels in the pupil move 
in the same or in the contrary direction as he tnrns his 
he&A from side to side. Tliis [wiut must, however, be 
very carefully investigated before a diagnosis of myopia 
is made, as it is possible by simply throwing the light 
into the eye from a certain distance to see a partial erect 
imi^ in the pupil. It occurs when the eye under exam- 
ination has a high degree of liypormctropia and is due 
to the fact that the rays diverge after leaving the eye (as 
shown in Fig. B). Jiiit, owing to the great distance of 
the eye under examination, the visual field is very small, 



of tlie eye-ground is seen, and the 
the same direction as the 



only a small portii 
image in the pupil 
observer's hpad. 

With the aid of a convex lens it is p<issible to obtain 

an inverted image in any eye, that is to say, any eye may 

be made to appear like a myopic eye, but the distance of 

the inverted image from the auxiliary lens varies with 

the refractive conditions. If the eye under examination 

is emmetropic, the emerging rays of light are |)arallel and 

the inverted image is found in the focal plane of the 

I suxiliary lens ; in myopia the image will lie nearer the 

I lena(for instance, at My. in Fig. F), and in hyjwnnelropia 

fiirther away than the focus (for instance, at Hi/, in Fig. F). 

Hence, if the observer does not alter his accommodation, 

' be has to move his head back when he examines an 

|«ye with a high degree of hypermetropia. As a rule, 

T however, it is Iwtter to accommodate. The distance of 

I the auxiliary lens [often willed the snpjilementiiry lens 
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or object glass] from the plane of the pupil of the ex- 
amined eye should be approximately e^iiul to its focal 
distance. In this way the pupil and the iris disappear 
completely and nothing but an image of the eye-ground 
is seen iii the entire domain of the convex lens. The 
lai^r the glass the wider the view of the eye-ground 
obtained ; hence, 

The Size of the Visual Field ' 
in the indirect metliod depends cliicfly on the size of the 
auxiliary lens, and tti some extent on the refraction of the 
eye under examination ami the focal distance of the aux- 
iliary lens. The higiicr the degree of myopia of the eye 
under examination, the greater the ophthalmoscopic field ; 
the higher the degree of bypermetropia, the smaller the 
ophthalmoscopic field. The nearer the auxiliary lens is 
brought to the eye, that is the stronger the auxiliary lena, 
the greater the niimijer of rays emei^ng from the eye it 
can receive and the greater, therefore, the visual field. 
Finally, as in the direct method, the size of the visual 
field depends on the size of the area illnminated by the 
ophthalmoscope. A greater portion of the eye-ground is 
illuminated in the indirect than in the direct method ; the 
illumination is also more powerful, as a concave mirror is 
generally used in this method. The size of the pupil 
does not affect the size of the visual field so much in the 
indirect as in the direct method ; in other words, the eye- 
ground can l>e seen auite distinctly even when the pupil 
is very small, although, of course, a contracted pupil cuts 
off a great deal of the light and the image may, then-fore, 
become very indistinct if the pupil is too small. 

To snm up, it may be saia Inat the indirect method 
has the following advantages over the direct method: 1. 
Greater di.stance from the eye under examination, making 
the examination less irksome for both the patient and the 
surgeon ; 2. A larger visual Held, so that a much greater 
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area of the fundus can be examined at one time ; 3. Cor- 
recling lenses on the opiithal nioscfi]>e can be dispensed 
with ; 4. The examination is iii)ssible even when the 
pupil is contracted. On the otlier hand, with the indi- 
rect method one sees the eye-ground under a lower 
magnityiug power, and tliis is the principal iliH'erence 

I between the two methods. 
I. The size of the image obtained by the direct method 
depeodR on several conditions: 1. The refraction of both 
patient and surgeon ; 2, The distance between the eyes of 
patient and sumeon ; 3. The distance between the cor- 
recting glass and the eye under examination, v. Helm- 
boltz' and, later, Mauthner' colcidated the magnification 
for emmetropic eyes and found it to be one of 14^ diam- 
eters. L. Wei.ss'' obtained approximately the same re- 
mit — 15.6 — by directly measuring a dead eye that liad 
ien carefully examined in this respect during life. 
In hypermetropia the size of the image is smaller, in 
Byopia larger, than in emmetropia, provided that the 
acting lens is placed at a distance of 3 cm. from the 
e under examination. If the hypernietropia is due to 
Jbnormallv weak refractive power, as, for instance, to 
aphakia, the image is smaller than in hypernietropia due 
to shortening of the axis, just as it is smaller in myopia 
due to the lengthening of the axis than in myopia due to 
, abnormally strong refractive power of tlie refracting sys- 
s (Mauthner, he. oif., p. 185). 

' 1 hypermetrnpia the size of the image is smaller when 
s correcting lens is at a greater distance from the exam- 
i eye, anu, conversely, the image is larger in myo()ia 

. BoliDholtz, Handbueh der IVifiiiologiielieit OptH, second edition, 
r, J). 177. 
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when the lens is at a greater (iistance from the eye 
(Muitthner, loc, cif.). 

In the inriim-i mdhod the size of the image depends 
chiefly on the strength of the auxiliary lens ; that is, the 
Btrunger tho lens, tlie smaller the image and the greater 
the visual field. Acconliiig to v. Helmholtz {loc. cif., 
p. 218), if we take Listing's schematic eye as a basis, we 
ohtain a magnification of 3 diiimcters with an auxiliary 
lens of 22 D (focal distance 45 mm.), and a magnification 
of 4 diameters with a lens of 16.6 I) (focal distance, 60 
mm.). The refraction of the eye under examination also 
has some influence on the size of the image. In hyper- 
metropia the magnification is somewhat greater, and, con- 
versely, in myopia it is somewhat iveaker. According to 
Mauthner {he. cif., p. 230), the magnification is greater 
in hypcrmL'tropia due to (iiininntion in the length of the 
axis than in hypermetropia dne to diminished refractive 
[wwer of tiie dioptric system ; and, conversely, the mag- 
nification is le^s in myopia due to lengthening of the axis 
than in myopia due to abnormally strong refractive [)owep 
of the dioptric system. Whereas, tlicrefore, in the direct 
method the fundus fip[>ears appreciably modified, that 
is under 12—14—20 diameters, the magnification is only 
from 2-4—8 diameters in the indirect method with a 
convex lens of 17 D, which is the most snitahle for this 
method. 

On the other hand, the indirect method, as has been 
staled, oiTers the advantage of a larger visual field, hence 
it follows that to obtain a general idea of the ctmditions 
in as short a time as jxissible it is best to examine first by 
the indirect method, and if it is desired to make a more 
aconmte study and to mea.sure the refraction, an exami- 
nation may be made by the direct method which shows 
the eye-ground nnder a greater magnification. [Students 
in this country are apt to neglect indirect oplithalnioscopy. 
This is unfortunate, and Haab's advice, fo etuplny first 
the indirect and tlien the direct mclhixl, is Mjund and 
should be followed. — Ed.] 
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; refraction can also be measured bj the iodirect method, 
method devised by Schinitit-Ritiiplc-r ' h tbe best, because 
! observer Aoejt not need Ui relax tiU nccomnKidation. a feat 
which is oflci) very difficult, npeeially for hy^iermetropic eyes. 
The poaitiun of tiie ioTerted image of tlie eye-^und, or, in other 
words, tlie diotance of ibe image from the ausiiiaiy lens, ia found 
tcf. Pig. F) with tbe aid of a special apparaluit. In this eonnec- 
~'h>d t&e reader sbuuld recall whRt ha» been said on piige 19. 
tays etuanutitig from H luminous point after being reflected by 
he eye return Ui that uoint provided the eye is placed in proper 
dation ti> the flame. If, therefore, the aceommocstion is relaxed, 
e con find tbe absolute refractioD by means of such a luminous 
■oint. Tbe eye is first rendered myopic by meaus of a strong 
invex lens placed in front of it, »o that the emereing rays unite 
' n an inverted iniagt' in front of the eye. Thus, for cxam- 
nr, lit emmetropic eyes a lens of + 10.0 hring» the ima^e 10 cm. 
ji front of the auxiliarv lens. The source of light us^ should 
tot be an actual flame, out the inverted ophthalmoscopic imago 
f a flame placed to one side of tbe person examined. The oo- 
EFver, looting through tbe hole in the opbtbalmoBcope, alter- 
lately curries the instrument backward and forward until the 
diverted image of ihe flame appears clearly outlined on the eye- 
Iround. When this point Is readie<l the retina and the image of 
Bie flame correspond to conjugate foci, hence the image of the 
"une, the distance of which from Ihe ophthnlmoscope can at once 
B mcaaared, coincides wiih the far point of the examined eye, 
oviding the latter is looking into infinity, or, in other wonls, 
B relaxed its accommodation. By determining the far point of 
P myopic eye we, at the same time, determine its refraction. The 
"XUracy of Bchmidt-Rimpler's method depends on the absence 
' aenHnmodation in the examine<l eye. This is not readily 
Hnplished when the image of the flame is thrown on the 
nilar region, or, in other words, when the examiner— as he 
Ight to do — ^tries to measure the refraction of the macular 
e do not paralyze the accommodation of Ihe exam- 
Bed CTe by means of a druz, we are forced to measure the refrac- 
a of tbe retina between the macula and the optic nerve. 

l 7b& direct as well as the indirect method further 
iblcB us to fiffcrmine trregularHifs hi ihe siirfacr of 
I ej/e-ffroumi, and it is even possible to measure such 
!qtialJtie.s hy the direct method it' the observer ia 
iUful. It often happens tliat the head of the optic 
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Derve is excavated, go that instcac] of a disk we have 
a more or less marked dopirssiou. The opposite condi- 
tion, in which the head of" the nerve projects into the 
eye, is equally imjmrtaiit. And, finally, a neoplasm or 
a foreign bo<iy on the eye^roiinil may project into the 
vitreous body. If, then, the retina, for instance, ajipears 
emmetropic, the floor of the excavation, being further 
removed from the refractive system of the eye, will show 
myopia. If the retina is emmetropic and the optic nerve 
is swollen and projects into the globe, tlie summit of this 
prominence will show hyi>ermetropia, because the dis- 
tance from the lens at that point is diminished {cf. Fig, 
B, p. 27), or the retina about the optic nerve may show 
a hypermetropia of 5 D an«l the floor of the excavation 
M. 5.0, in which case there is a difference of 10 I) be- 
tween the two points, which would give a difference in 
level of 3.47 mm. In the same way it might be possible 
to measure how far the swollen nerve-head or a neoplasm 
projects into the globe. For everj' diopter of difference 
in the refraction we calculate 0.34 mm. 

In the indirect method inequalities in the eye-ground 
are determined by moving the convex lens in front of Ihe 
eye from side to side without, however, for a moment 
losing sight of the eye-ground or of the optic disk. If 
the nerve is excavated, the edge of the exca\'ation moves 
in front of the floor in the same direction as the convex 
glass. If the head of the nerve projects, the summit of 
the prominence moves backward and forward with the 
auxiliary lens ; in other words, a plane lying nearer the 
observer moves in front of a more remote plane in the 
same direction as the convex lens. This phenomenon is 
called parallaotk dhpUicfrntnl. One who is expert in ex- 
amining in the erect image can take advantage of the proc- 
8 of parallactic or iierspective displacement to determine 
alities of the eye-ground. The examiner approaches 
citable distance of the eye to be examined, and, 
■ 'a head to and fro, recognizes corresponding 

ivements of objects, which occupy various planes. Ii 
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Ithis way very slight diS't^reticos in level, such as a hole in 
pthc center of the retina, can be rfcogiiized in tlie eye-ground 
' (Fig. 49). 

There remain to be mentioned two metliods of exnmina- 

tioD in which the observer also gits at a certain distance 

^^ from the eye under examination, and biith of which are 

^L aLs(i ])erforni<.>d by mcant^ of a plane mirair, although a 

^H iruiiuive mirror may be nsed. 

I- 






Examination by Tratuniitted Light. 
This proceilure is very simple, but none the less im- 
portant. It is also done with the ophthalmu9C(i|K!, and 
.slionld precede the methods desiTibed so far. By its use 
are able to determine : 

I. OfiaeHies in the refraclipc vtetiia — Viz., the cornea, the 
aqueous humor, the lens, and the vitreous. By simply 
illuminating the eye with a concave or, better, a plane 
mirror and looking through the opening, opacities appear 
like dark shadows in the red pupillary reflex, because the 
rays of light as thev return from the eye-ground are 
arrested by tlie opacities, just as all opaque objoct.s, even 
when colored white, appear dark when seen in front of a 
laminous surface. There is no better way nf detecting tho 
iirhitish opacities produced by a gray calaratt, 

(a) In the corneal region this mrthud reveals not only 
B presence of opacities, but also their po.sition with refer- 
ence to the pupillary region, which dctermioes their influ- 
ence on the visual acuity of the corresponding eye. For, 
if the examiner request? the patient to look him straight 
in the eye, he can accurately recognize by transmitted 
how much a corneal opacity diminished the tiuns- 
icy of the pupillary region, or, in other words, tn what 
it impairs perfect vision. This point is often of 
ince in damage eases, 
lytpansniittedlight the finer vessels in the cfirnca, which 
J their ap|>earance when this membrane is in- 
I also I>e detected far Iwltor than by any other 
lethod, for they appear as dark lines contrasting sharply 
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witli tlie bright pti|iillary fieUI. The procedure is partic- 
ularly useful for (letvutiug the broom-like vessels which 
pt^raist after purenuliyniiitouH keratitis. Tliese vessels, like 
the punctate deposits which will pn^seiitly be described, 
are licst seen wtlli a niaguifyiiig loupe, h or this purpose 
a convex lens, 8.0 to 16.0,1!) pmced behind the opening in 
tlie oplithattnoscope (by rulutLiigthe disk), and the distance 
from the eye to be exuralntHi which corresponds to the 
focal di^tauco of this lens is found by advancing and re- 
treating until the corneal vess<-la and other structures appear 
(^uite niint. 

The same method may be adopted for studying the im- 
|»ortant deposits, which appear in iridocyclitis, usually on 
the posterior surface of the cornea, (. c, on the endothelium 
of Descemet's membrane, especially in the lower tpiadrant. 
In studying the lower segment of the cornea the patient 
should be directed to glance slightly upward. 

The adhesions of the iris to the lens (synechia), which 
arc caused liy iritis and project like villi into the pupil- 
tary region, are distinctly seen bv transmitted light, l)e- 



tterisuMially 
pupil is wide 



so that the pupil is wider and the villi are more conspic- 
uous. 

(6) OfKicilies of the lens must Ite carefully scrutinized by 
transmitted light. It is always wrong to make a diagnosis 
of beginning gray cataract without an examination by 
transmitted light. In old persons, owing to the physiologic 
sclerotic changes of old age, the lens gives a fairly w^l- 
marked gray reflex by daylight, or under lateral illumina- 
tion, and an inexperienced observer oflen makes the mis- 
take of diagnosticating "gray cataract." In such cases 
examination hy transmitted light at once shows that there 
are nogenuinecataractousopHcities, which most frequently 
radiate from the e<]uator of the lens and project like a 
phalanx of spears or wedges into the pupillary region, (See 
ASoM and Epiiome of External DiMosea of the Eye, third 
edition, Plate 38.) 

Tmusmitted light is also very well adapted for exami- 
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nation of an opacity at the posterior pole of the tens, so- 
railed pusterinr polar (^taraet, which is ilifRciilt to Hce hy 
direct Jight even when the pupil is widely dilated and the 
lig^it is thrown straight into the eye. Tlie opacity is 
usually circular or in the forni of a rosette. The Ibllowing 
points should be remeuibere<l in locating such an opacily : 
If with transmitted light and a moderately dilatetl pupil a 
dark opacity is seen within the bright pupillary field, while 
the patient looks straight before him, this opacity may be 
situated in the middle of the cornea, at the anterior pole 
of the leuH or at the posterior pole (or jressibly even in the 
nucleus). To determine the exact location of the opacity 
the patient is directe<l to glance slightly upward, downward, 
to the right, and to left. Witcn the eye is rotatcil upwuni, 
a central corneal opacity will move upward in front of the 
pupil, and the examiner will be able to sec into the eye 
uouerneath the opacity. But if there is an opacity at the 
anterior pole of the lens, as happens not so very infre- 
quently, it will remain in the middle of the inipil, move 
upward with the pupil, and obi-truct the view into the eye 

i'ustas much as wnen thepatient looks straight before him. 
f the opacity is situated at the posU^rior pole of the lens, 
the pupil will move upwanl in front of it, that is to say, the 
opacitv apparently moves downward and the examiner sees 
into tfie eye over the top of the ojwcity. An opacity 
situated in the nucleus also descends somewhat when the 
eye is rotated downwanl. 

Transmitted light offers the surest means of recognizing 
an opacity due to lamellar cataract. Since the examiner's 
object is to determine accnrately the peripheral circular 
outline of the cataract, the ]jii)iil often lias to bo dilate<l 
with homatropiii' ("!■ I'lipbihiilmin) and inspected while 
the patient glances li> tin' ri<;lit, to the left, or upward. 
By this method, belter oven tliiin with lateral illumination, 
the peripheral border of the cutaract, which is parallel tn 
the equator of the lens and at a varible distance from it, 
Atmpin Bhoiild never be uaed in ditating the pupil mertly for piir- 
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can be accurately determined. (See Ailaa and EpHome of 
Externally Mnible Diseases of tJie Eye, Plate 38.) 

(c) Transmitted liglit is eepeoially well adapted for the 
detection of opacities in the vitreous, which are also ex- 
cee^lingly important. Whereas fixed opacities in the 
refractive media move with these media when the eye is 
rotated iu various dii-ections, freely movable opacities in 
the vitreous continue to move after the eye has come to 
rest. It is at this instance that the examiner must care- 
fully look for any shadows that may be moving in the 
bright pupillary field. Such sliadows are produced by 
dhreds of tissue, particles of exudate, membranes, and tlie 
like in the vitreous. Diffuse opacity of the vitreous can- 
not be determined by this method, and its existence can 
only be inferred when the eye-ground in the inverted or 
erect image is veiled, and lenticular or corneal opacity can 
be excluded from the etiology. 

Foreign bodies in llie vitreous are detected in the same 
manner by transmitted light. But in the case of foreign 
bodies the patient mnst l)e instructed to move the eye 
very rapidly, and in that way a particle of iron or cop- 
I>er lying immovable and, therefon?, invisible on the floor 
of the vitreous may bo tosswl up and remlere<l visible, 
even if only for an instant. Itolution of the eye in vari- 
ous directions must i)e kept up for some time, until finally 
the foreign body is tossed up from the bottom, or in from 
the side, and becomes visible. 

Examination with transmitted light is also useful as a 
preliminary method in the detection of a foreign body that 
18 fixed somewiiere in the eye-ground, and may be usually 
recognized by its somewhat paler color. As soon as the 
examiner's line of vision strikes the foreign body lying in 
or upon the retina the metallic surface throws back a reflex 
which illuminates the pupil, unless the bmly is covered 
with blood or exudates. If tlie pupil under illumination 
appears whitf, instead of red nr grayiwh red, the convex 
lens is brounht into use, and the foreign body appears in 
the invcrte*! image. 



EXAMINATION BY THE INDIRECT METHOD. 51 

2. If the eye is exam'tietl utider simple direct illumina- 
tion, marked errors of reft-actioii, either myopia or liyper- 
mptn)piii, can be detected niiioli more quickly and more 
wtrily tlian by the mensuration methodH already deacril»ed, 
excepting as to the exact number of diopters. For it fol- 
lows frooi what was stated on pages 41 and 42 that, at the 
dUtance which is mnintained in examining in the inverted 
image, structunil details of the eye-ground (blood-vessels 
aad the like) can be seen in the illuminated pupil, in the 
inverted image Id cases of high myopia, and in the erect 
image in cases of marked hypermetronia. 

High d^rees of myopia can even be mpasnred after a 
fiishion by this method. Thus, t lie examiner gives himself 
an artificial myopia of, say, 10 D. by using a suitable 
convex lens. If he is emmetropic he holds a + 1 D. lens 
behind the ophthalmoscope ; if he has a myopia of 1 to 1 
D. be will need a weiiker plus lens, one that will bring hia 
myopia up to 10 (thus with a inyopiu of 3.0 he will only 
need a +7.0 lens). If the examiner is hypermetropic he 
must add his total hypermetropia to the 10 D. Then, 
without accommo«lnting, the examiner cause's tlie imape of 
the myopic eye-ground, whicJi api>ears hy transmitted Uglit 
to coincide with hia far point by retrealing from the hitter 
as far as possible without making the image appear blurred, 
he then measures the difitance Iwlween his own eye and 
that of the patient. Suppose this distance is 15 cm.; 
then the inverted image of the eye-gronnd lies 10 em. 
ID front of the examincHs and 5 cm. in front of the patient's 
eye. Hence, the patient's far point is at a distance of 5 
cm. or, in other words, he has a myopia of 20 D. (^^ = 20). 
Needless to say, the patient must not accommodateduring 
the examination. The invprfe<l image of the eye-gronnd 
sometimes coincides with the patient's as well as with 
tbe examiner's far point; but the latter artifieialjy changes 
tb« distance to 10 cm., so that the calculation can be based 
on this distance. If the oculist has no ophthalmoscope 
with rtrong concave lenses and does not care to undertake 
the shadow test (which will be discussed presently), he 
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can dcterniine a high myopia in his jxitieiit's rve by this 
method. 

Keratoronus shows itself by transmitted light, especially 
if the ophtlialmoscopic mirror is moved to and fro, nr the 
mirror reflex in the pupil is carried around in a circle, A 
circular shadow isseen in the brig;ht pupillary lield. The 
same ocoura when tlie lens is conical posteriorly (lenticoniis 
jMsterior) or, what is more frequent, the refractive index 
of the nucleus is greater than that of the eortox. This 
condition may develop during old age and caustj coni^idcr- 
ab)e disturbance of vision. 

In certain cases of beginuingcataraet valuable informa- 
tion may be obtaineil by examining with transmitted light, 
espedally if the above-raentione<I genuine opacities have 
not yet developed, and vision is interfered with simply by 
irregular refraction in tiielens. On rotating the ophthal- 
moHcopc delicate shadows make their appearance in the 
bright pupillary field. 

3. Transmitted light is also to be recommended in ex- 
amining the interior of the eye fur the presence of tumors, 
retinal seiMration, circumscribed exudates, and the like, 
occupying the anterior half of the vitreous. The examiner 
can get his bearing more quickly and more easily by this 
method than by any other in cases of this kind. A sar- 
coma of the choroid appears as a dark mass, a glioma ap- 
pears bright, abscess causes bulging into the vitreous, and 
the same picture is produced when a large retinal separa- 
tion of some standing, and therefore opaque, causes smgle 
or multiple prominences in the anterior portion of the 
vitreous. Strictly siieaking, we are dealing with an erect 
image in these cases. The v'essels belonging to the retina, 
which have liecome separated by the san'oma or in some 
other way, are seen directly, as are also the hemorrhages 
and dilated vessels, which are so frequently presenton the 
surface of a glioma. 

So long as a large retinal separation remains transparent 
it is most surely detcetcd by transmitted light. For ex- 
ample, if a retinal separation of this kiud is situated O' 
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thv nasal sitle, the bcaDtifal pJDk brigfaume uf tbe pupil 
will be changed to a ptwiliar graybsli n^I when tbe vyv is 
iltuminated Irom tht- nasal side. Sx^<d<Uv, retinal ve^t^els 
will be secD id tJie altered pupilUfy field ia (he erect 
imagp, ivcognized bj tlie fW*! that, when the otj^en'er 
taiyvfs his beati, they tunve in the same diiectioD. This 
local hrpermeiropia of the retina can only be due to local 
diminutiuR of the (]i!?tance between lite retina and the rc- 
(ractive system of ihe eye, and, therefore, indicates that the 
membrane is disjilaewl i>r, in other words, that there h a 
retinal separation. 



THE SHADOW-TEST, OR SKIASaH>V. 

The discoverer, Cuignt-t, fallt^^l the method kertiloaeopif ; 
it is also known as pupillotu-opii and rcl'mnarnpy. This 
mctfa<xl of examination is also best |wrfomieJ with the 
plane mirror, and offers the easiest means of <h'terniining 
tbe refraction. Rctinoscopy iu the method reeonimended 
for any one who is unable to determine refraction, nod 
especially astigmatism, by the direct method in tlie man- 
ner de!?cribed, if he does not aire to use Schmidt-Rim pier's 
apparatus. It also requires practice, however, and is not 
without inconveniences. In retinoscopy, as in Schmidt- 
lUmpler's method, the object is to determine the position 
of the far point of tbe eye [point of reversal], sometiiuea 
with the aid of a convex tens, so as to bring the far 
point to a convenient distnnce, that iis, )>etween the ob- 
server and the patient. This is especially important in 
low drerees of myopia and in hypermetronia. The ftir 
prant should, if possible, be bronglit to a distance of 20 
to 40 cm. To determine the optical conditions of the 
eye under examination by this method, ,we ntillKo instciid 
of an ima^c of tlio eye-groimd the movement of the 
illnminated |»ortion of the eye-ground as the retinoscope 
is moved fmni aide to side. The rotinoscope ilhiminatcR 
a certain portion of the eye-gronnd, and by looking 
through the opening the observer sees u corri'sjKHiding 
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movernent of the illuminated [lortioD of the eye imder 
examiaatioD. 

Now it is to be reraemhered that when the lipht from a 
flame placed to one side of the patient ia thrown into the 
eye by means of a plane mirror, the illuminated portion 
(if the eye-gronnd moves from above downward if the 
mirror is turneii from above downward, or it moves from 
right to left if the mirror is turned from right to left. 
By tnrninji the mirror from right to k-ft we mean tnni- 
ing it as if we wlshetl to throw light into tlie right and 
then into the left eye of the person examined. 

The iliuminated portion of Vie eye-ground uf the patient, 
therefore, motiea in the same dlrectimi as thai in ichich the 
plane mirror ia rotated, or, ae one may stiif, " with " the 
turning of the mirror. 

If, however, the eye of the observer is beyond the far 
point of the eye under examination, the illuminated field 
or the shadow which bounds it in the pupil does not move 
in the same direction us the illuminated ^M>rtion of the 
eye-ground. This is the case in high degrees of myopia, 
because the rays emerging from the eye under examina- 
tion convei^ and crows eaeli other at the far point, thus 
causing the shadow to movti in (he pontrapy direction. 
Hence in myopia the shadow in tlie pupil moves in a 
direction contrary to that of the mirror; that is to say, 
if the mirror is turned to the left, the shadow moves to 
the riglit. To do this the degree of myopia must be 
Buch that the distance of the far point is less than the 
distance of the ophdialraOHCope from the eye under ex- 
amination. If, for instance, the distance between the 
mirror and the eye under examination is 50 cm., and the 
shadow moves in the opposite direction, there must be a 
myopia of more tlian 2 D (W = 2.0). 

Conversely, the illuminated field in the pupil moves iu 
the same direction as the mirror when the examiner's eye 
is within the far point of the eye under examination ; 
that is to say, in a low degree of myopia or cmmetrojdu, 
or when the far point lies behind the eye under examma- 



THE SHADOW-TEST, OR SKIASCOPY. 



55 



I 



I'tion; in other words, in hypermetropia. Uuclt-r these 
I conditions the illuminated field moves to the left, for 
Dstance, when the mirror is turned to the left. 

On the other hand, if the position of the observer's 
pupil corresponds exactly with the far point of the eye 
under examination, the illuminated portion of the pupil 
will move in neither direction and the pnpil will simply 
appear alternately dark and bright. Whenever this phe- 
nomenon is distinctly seen as the observer alternately 
advances and recedes from the [latieiit, the distanee be- 
tween the two eyes is to he carefully measured with the 
tape-measure. The result corresponds to the distance of 
the far point, and thus gives the refraction, provided that 
the persou examined has relaxed his accommodation. If, 
for instance, movement di.sappears at a distance of 20 cm. 
between the observer's eye and that of the patient, the 
latter has a myopia of 5.0 D (W = ^■''^)- 

If light and shadow in the pupil move in the same 
direction, the observer is within the far point, and he 
must then recede until the movement disapixtars as lie 
turns the mirror from side to side, or he may place a 
convex lens in front of the patient's eye so as to bring 
the far point within a convenient measuring distance, as 
explained above ; that is, to about 30 or 40 cm. 

In choosing this auxiliary lens the fnlluwing is to bo 
-borne in mind: If the illuminated field in ma pupil 
EQOves in the same direction and quickly, and the con- 
cavity of the border is flat, one has to deal wilh a low 
myopia, an emmetropia, or a low hypermetropia. In 
ffioh a case a weak convex lens of about + 3 should be 
SGleoted. If the illuminated field in the pupil moves 
•slowly and the border is strongly concave, one has to 
^deal with a high degree of hypermetropia. A strong 
■ amvex lens is then selected, which must be allowed for 
ntbe calculation. If, for instance, with a lens of + 7, 
be &r point is found at 83 cm., one has to deal, not with 
myojiia of 3.0 (i^ = .3), but with an hypermetropia of 
f 4.0, because it is evident that the myopia of 3.0 is an 
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artiHcial myopia protlupeil by the 3 diopters of the cor- 
recting lens, and the remainder of 4 diopters would re- 
move the far point of the eye under examination to 
infinity and thus correct its error. 

The shadow-test can also be carried ont with the ordi- 
nary amcave mirror, hnt in that case the movements of 
the shadow in the ptipil are exactly reversed ; that is to 
say, the shadow moves in the snnie direction when the 
observer is beyond the point of iixntion, and in the con- 
trary direction when he is within that point, or when 
there is hyjiermctropia. The movement of the sJiadow 
may be conveniently observed at a distance of 1 meter 
and 20 cm. from the patient. If the shadow moves in 
the same liirection as the mirror, there is mvupia of one 
or more diopters. The eye is then eorrected with succca- 
eively stronger concave Icutics until one is found witli 
which the movement of the shadow becomes reversed. 
Such a glass removes the far point of the eye under ex- 
amination to beyond 1 meter (I diopter), and the lust lens 
(n D), with whicii the sliudow still moves in the same 
direction as the mirror, correels it nearly to 1 D. The 
myopia is, therefore, n I) -H 1 D. 

If with a concave mirror tlie shadow moves in the con- 
trarj' direction, the jiatient either has a myopia less than 
1 D (ir he is emmetropic or hypermetropic. In such a 
case the eye is corrected with successively stronger con- 
vex lenses until the shadow moves in the same direction 
OS the mirror, if such a glass is n D, the patient's 
refraction is ]i D — 1 D. 

The shadow-test also has its drawbacks. It rcfinires 
for its success that the pujtil be widely dilated — ^if neces- 
sary, by artificial means. Even with a widely dilated 
pnpil it is not always easy to tell when the movement 
of the illuminated field ceases cj Itecomes reversed, nor 
is it always easy to get the patient to relax his accommo- 
dation completely, as the surgeon's manipulations excite 
his attention and nuise him to fix some object near him. 
Finally, the refraction nhtBine<l, instead of being that of 
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the macula, is often only that of a neighboring jiortiou of 
the eye-ground. The mcthwl will Le Ibniid in detail 
Neuslatler's frnnKtrlxn cler Throne, und Prnxh ilcr 
tUnpro/)e (Skiniil:o/iir) nehd Taffln und P/umtnvu'n 
Skiaxkopie, MiinHien, J. F. Tvehmnnn, 1900. fFor 
American studpnfs tlip most nsefiil works on the slindow- 
test have heen pnblislied hy EdwanI Jackson and James 
P. Thoridgton.— Ed.] 

f For the »akc nf ironvenieiice the metboil of Applkatiiin of the 
shadow-test in the deUrminntinn of reffularaHti^matistn iMinHort«d. 
I>r. Jackson's description is jrivKn : " The principles invoIveJ and 
the methods to be employed are eAsentially the same as in myopia 
or hypermetropia, but the refraction haa to be determined in [he 
principal mendiiLtis instead of in iiny meridian indifferently, as it 
can be where all meridians are alike. Tu determine the rt^fractiitn 
in a certain meridian the licht must bv made to move baek and 
forth in that particular meridian by rotating the mirror about an 
Axis at riKht angles to it. 

"The direction uf either of these two principal meridians is re- 
vealed by the area of liglit in the pupil nsHumiiig the form of a 
more or less distinct band /if liylU, extcndiQ^' ncniH!! (he pupil in 
the direction of this meridiun when its point of revemal in up- 
proached. For the higher dcgreewof ostigmiLtiHni ihisbtLod is very 
noticeable, and Ssea with the greatest accurHcy tlie dirertion of the 
principal meridiuD. When the band-likeappearanceis most notice- 
able it is easy to cause its apparent movetnent from side to aide, 
but it is more difficult to distinguii^h tiie movement in the direc- 
IfuD of the length of the band. Btill, this latter movement ia one 
that is to be especially watched and i(» reversal -point determined. 

" When the amount of nstipmaliam is very low the appearance 
f a band may be very indistinct, or not at all perceptible ; but in 

isitiB found that when wi ■" ' ' "■ " ■ " 

1 for movement of the light 
PdiAiDct movement, either direct c 
right angles to this, and wethuakn 
of an astigmatism, and muiit in the »ame way Ascertain the point 
of reversal for the other at right angle* to it. When the surgeon 
ia closer to the eye than the wnnt of reversal for either meridian, 
tine movement will he with the light on the face in all directions. 

~ m he is at the point of reversal for the meridian which baa its 
it nearer to the eye than the other meridian there will be no 

itinguisbabl'' movement in this direction, but stilt a direct 
lovement Ht right angles to it. Wlicn he is between the two 

inta of revenml thert^ will, in the direction nf the nearer merid- 

i.beau inverted movement of the light, but in the other 
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iao a direct movemeDt. Wli«n the Taither point of reversai la 
reached the direct movement in il« meridian ceases, while the 
movement in the other meriditin continues inverted. When the 
Hurfteon has drawn back beyond Ijoth points of revereol, the. 
' is reversed ir "" "'" '"" 



" Having determined the amonnt of myopia, natnral or artifi- 
cial, in boUi principal meridians, the strength nf the cylinder re- 
quired to correct the aatigmatiBm will, of courae. be the' difference 
between the rerraction for the two meridiann. Having thus asc«r- 
tained it, it is well to put this cylinder before the eye and to xee 
if it does accurately correct the aBtigmatiain, giving the same 
point of reversal for all meridians of the cornea; and. for accu- 
racy, the spherical lens which will bring this point of reversal to 
the distance of one or two meters should be used with it." — Ed.] 



CHOICE OF AN OPHTHALMOSCOPE. 

Before procL-cding with a description of o|>]itha]m(wcop!c 
techaic, it will be well to devote a lew pages to the dis- 
cussioa of the iu-strument it»elf. I shall not attempt, 
however, to describe all the ophthatmoscoTjes at present 
in use, for that alone would require a Ikwk. Mere des- 
criptiou without critidis 111 would be of little practical value, 
and to compare all the various forms of ophthalmoscopee 
and test their practical usefulness would be a Herculean 
task. I have, it is true, used a gitod mauy of the best 
and most popular instruments at present in use, and should 
be in a position to criticise them, but as I am not ac- 
quainted with all of them I might be led to do an injus- 
tice to some. I shall permit myself to mention only one 
instrument. It is a small simple refniction-oplithalnio- 
scope introduce! by me ten yeare ago, at least among my 
pupils, in place of Liebreich's ophthalmoscope, which, on 
account nf ila many defects, has always been to me a 
thorn in the flesh. Recently simpler ophthalmoscopes than 
Liebreich's, for examining in the inverted image only, have 
been placed on the market ; liut in my opinion an ophthal- 
moscope for students should also permit examination in the 
erect im^;e, or the tlireet melhoil. 

It will be enough if I lay down the priuiiplrs lui which 
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I an ophthalmoscope should be coaatrncted to fulfil all the 
I requirements. These principles are the same for ail in- 
I stnimenta and, as in the case of the microscope, they are 
^ extremely simple. . As in the construction of the latter 
I instrument, the only factors that vary are: 1. The 
i mechaoical portion ; 2. The quality of the material and 
[ workmanship. 

1 In my experience most of the larger instruments in 
ordinary use — the so-called refraction-ophthalmoscopes — 
' to the main show careful workmanship, especially those 
that are turned out by well-known makers of optical 
' inBtruraents in various countries. It is always well, how- 
ever, to test one's instrument in regard to the grinding 
of the mirror and le.ises, the proper enumeration of the 
lenses, etc., and to refuse it if it is in any way defective. 
As regards the mechanism, the instrument may be con- 
I structed according to the views and personal preferences 
* of the author or of the purchaser. The important ^wint 
I IB that the instrument should work properly and be easy 
to manipulato. The pro{>er construction in this respect 
I can easily be deduced from what has been said above in 
I explsiuing the ophthalmoscope. When we come to con- 
' the nairror itself, I find from my own exi>erience 
t is well to have both a concave and a plane mirmr, 
: least a concave mirror. A plane mirror may, if 
3ary, be dispensed with, or, if the instrument doe? 
knot possess one, it may be supplied by taking a suitable 
l.ineoe from any good mirror and scraping away the coat- 
■ ■U^ from a small spot in the center if, for instance, it is 
Ideured to make n careful examination for flocculi in the 
LTttxeous, or to employ the shadow-test, although the 
[ibtter can also be performed with a concave mirror, 
vTbe best coucave mirror, in my opinion, is one which 
" B a focal distance of 14 to 1 7 em. This will do equally 
well for the direct and for the indirect method. In test- 
ing the focal distance of the mirror one should uotice 
jBt the Bame time whether the image it reflects is sharply 
^^ned, as, for instance, a lamp placed at a dielance, so 
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as to (ieUTmine whellit-r the glass k carefully ground. 
An important point is the size of the opening. It must 
not be too small or it will not admit enough light into 
the observer's eye. This is especially important in the 
re fraction -ophthalmoscope, because, on account of the 
necessity of interposing auxiliary lenses and tilting the 
mirror, the observer is often forced to work at some dis- 
tance from his patient. The diameter should l)e nt least 
3 mm. on the anterior, and a little greater on tiie pos- 
terior surface, so that the o]>ening is slightly larger be- 
hind than in front. It is purticularly important that the 
walls of this short canal be well blackened. It must nut 
produce any reflexes whatever, bewiuse they are exceedingly 
disturbing, especially in examining in the erect image. 
Even the largest optiad firniw are not jiarticular enongh in 
this respect, especially in the case of cheap oplithalniuscopes. 
In all the larger instruments designed for the measure- 
ment of refraction, it is absolutely indisjKn sable timt the 
mirror be tapabie of being tilled if the measurements are 
to be exact ; fur if it is desinnl to throw the light from a 
lamp placed lo ouc side of the patient into the latter's 
eye, the mirror must be turned slightly toward the lamp, 
as will be seen in Fig. A ; that is to say, the plane of the 
mirror as seen from above will form an angle with the 
plane of the patient's face. The consequence is that the 
observer looks obliquely through the lenses placed behind 
the mirror if they are closely applied to the mirror ; but 
if we Uwk obliquely througti a spherical lens, the latter 
aets like a cylinder, that is, the rays are refnicled more 
in one direction than they would be if they passed 
tlirough perpendicularly. Besides, if the correcting lens 
is closely applied to tlie mirror, the observer is farther 
away from the correcting lens than he should be. Hence, 
the newer ophthalmosco])e8 are so arranged that the 
mirror can be set at an angle to the plate which holds 
the correcting lensfs, either to one side or the other, so 
that the lamp can be placed either to the right or to the 
left of the itatient. 
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"With the indirect method there ia no necessity of 
tilting the mirror, as correcting glasses are not, aa a 
nile, required. Hence, tliose inslrimipnfs which are 
provided with two mirrors, one for the indirect and one 
for the direct method, are usually so arniii^;ed that only 
the mirror for the direct method can be tilted. But as 
it is sometimes desirable to use correcting lenses in the 
indirect method for the purpose, for instance, of obtain- 
ing an enlarged image, it is best, on the whole, to have a 
concave mirror of 16 cm. fo^^al distance suitable for both 
niethods placed at an angle, and to use a small plane 
mirror for the esaminatiim of fl(x«nli in the vitreous and 
for the shadow-test. This plane mirror need not neces- 
sarilv be fastened to the ophthalmoscojw. 

Tfiis brings us to the mechanical portion of the instru- 
roent, and we first have to consider the most important 
point, namely, the attaehmenta for the correcting lenses 
behind the opening in the mirror. Tho correcting lenses 
should be as near the mirror as possible, nor should too 
many be placed one above the other, as that would dimin- 
ish the amount of light iti the image. If one lens is 
placed over another, the two should be in close coutact, 
80 that the obser\'er's eye muy be as close aa possible to 
tbe opening in the mirror. 

The correcting lenses are now usually arranged along 
the edge of a round disk, which can be rotated behind 
the mirror in such a way that the various lenses are 
brought exactly behind the D|)euiug in the mirror, and 
the center of the lens always corresponds exactly with 
the center of the opening. This is accomplished by 
means of catches. In many ophthalraoscojws two disks 
of this kind are placed one aliove the other, so that the ob- 
Berver always looks tiirough both. In others the disks are 
changed according to the lenses required, which ia very 
troublesome, I find that for ordinar)' purposes I get 
along very well with a single disk supplemented by a 
quadrant rotated on the same a.\is and containing lenses 
of very high power. The quadrant wlien not in use can 
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be turned down toward the handle, an, for instance, in 
the iuetriimeut designed by Loring. If, for example, the 
disk contains 15 lenses: Coneave 1 to 8 and convex 1 to 
7, and an empty hole, and the qnadnint contains concave 
16 and convex 16, and, in addition, concave 32 and 0.5, 




Fio. Q.— Author's ophtlialmoscopo. 



the combination of the disk and the qnadrant places at 
our dispasal : Concave 1 to 40 and convex 1 to 23, a 
total of 63 numbers, and, in addition, the half diopters 
from 1 to 8 concave. If, instead of the quadrant, the 
instniroent is provided with an additional disk, tlic num- 
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ber of lensca at the surgeon's disijiosal ia consifturably 
incpeaaetl. 

As the couvex lenses nitist not be loo smull, their iium- 




FlO. H.— Lorinjt'B ophth»lmr)Bfn 

oDfibuaitig 10.5 and ±16 D. TbU affords t> 
tnaa -t S3 to - 21 D. 



ber in the disk is iiecepsarily limited. The diameter 
shnnld not be lefts than 5 mm. 

Finally, a word in rej^rd to the convex lens used to 
prodnce the inverted image. Much too little attention 
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is paid to this anxilian- lens in many ophthalnioacopes. 
As the size of the case is usually limited, it is much 




Fin. I.— Hsiidairs modified I.orinn nphtlijilmoMopf. in which the 
"qaudnDt" is raavud by the cag below, Ml tfaMt CTsrj- yUasB can he 
bfoUBht lo the sight-bole withoat removing the iiislrument from the eye. 
A dink of concave cylinden 0.5 to 4 fa eicentrloiUy mnunted, no that 
each can be broDght at any desired indinatinn of its axis into cooibina- 
tion with any Bphericnt. It give» SI dphericnl lenses or comhinstiona. 
The mirror csa he detached to siibntitiite a wrak light, plane, or mare 
connive mirror, ur left off, uncovering the f! tnio. breadth of the lenses 
when the inHtfument Is used HB an optotnoter. 

better to have one lens of the prnper size than two nmall 
ones, eBiwciully for the beginner, as it is imiiortant that 
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the field should be as large aa possible. For beginners it 
is best always tn use the same lens, which should have a 
strength of about 17 D or a focal distanee of 6 cm. ; the 
size of the lens should not bo less than 3.5 cm. The best 
size ia from 3.5 to 4 cm. Tin; moimting of tiic lens should 
Idc Hiifficiently wide to prevent its being scititulied when 
laid on the table or soiled by the fingers when in use. For 
reasons which will be given later it is also advisable to 
have a short thick handle attached to the rim. If other 
convex lenses are needed in the indirect method for the 
purpose of obtaining a grtater magnification, a +13 or 
4- 14 lens from the lens-ease may be called into requisition. 
With a refraction-ophthal m oscoi)e the inverted image can 
easily be magnified by bringing a convex lens of 2 to 4 D 
behind the opening in the mirror and at the same time 
coming closer to the patient. 

The only instrument I should advise anyone to buy ia 
one that can be used for the direet method; that is, one 
with a considerable number of corn^cting lenses nj at- 
tached that they can be rapidly brought behind the open- 
ing ill the mirror, as, for instance, by means of the disk 
just described. In IJebreich's instrument the lenses are 
placed in sei>arate holders. This is extremely trouble- 
some and the lenses are nearly always soiled. It should 
also Iw possible to change the number of correcting lenses 
behind the mirror without removing the mirror from the 
eye. For ordinary work a small number of lenses, not 

freater than twelve, will be found sufficient. Hence, the 
isk need not lie very great and the price of the instru- 
ment not unreasonable. Years ago I had a small oph- 
thalmoscope of this kind made by R. Doerffel in Berlin, 
It has a movable concave mirror, a disk with fourteen 
lenses, and the |>roper kind of auxiliary lens. That they 
are Btrong ia shown by the fact that a number of them 
have been bought and used by my pupils in the last ten 
years, and tfie price is so moderate (25 marks) that one 
feels iustififd in advising every student to buy one (Fig. 
G). I can also recommend it to the pnictising physician 
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who does not care to buy a lai^e or cx|)en8ive iiistniinent, 
aa it will be quite adequate to all his needs. [Among the 
many ophthalmoscopes ot the student's disposal, in the 
editor's opinion, none is hotter than the Ijorinp oph- 
thsliaoscope ; Jackson's ophthalnioscnpe is also excellent. 
Randall's cvlindrical Icnscs-attjichnifnt lias been referred 
to; rifle diagrams H, 1, and J. — Ed.] 

THE METHOD OF CONDUCTENQ AN OPHTHALMOSCOPIC 
EXAMINATION. 

The ophthalmoscopic cxjiniin:itinn h best made in a 
dark room with a. miMlcnilcly lar}^ gas- or oil-lamp. 
An incandescent light, on account of the small size of 
the flame, cannot Be wscd without a special appliance. 
Ophthalmoscope lamps with electric lights are made and 
recommended by Deus, Eversbnsch, and others. Evers- 
buBch'a light can also be used for gas. 

H. Wolff has constnicted an ophthalmoscope (obtainable 
fiwm DocrffelA Fiirber, Berlin, Friedrichstr, 105a) which 
is filled with a small incandescent lamp. The ophthalmo- 
scopic visual field (in the erect image) is very large with 
this instrument, and at the same time the retinal reflexes 
are very distinctly seen. Similar electric niilLllialimwopcH 
have Iwen constructed in England and .\iiirri.:[. Marple, 
of New York, commends such an iii>inuiifiit iMuiliiiied 
with Morton's well-known and excellent o]ilillialiiioM:ijpL', 
which can be obtained from E. B. MeyrowitJt, New York 
and Paris (3 Rue Scribe). [In the opmion of the editor, 
Marple's electric ophthalmoscope (Fig. K) is the most use- 
ful instrument of this character at present available. The 
De Zeng instrument is also satisfactory. Electric ophthal- 
moscopes are essential for accurate bedside work, and most 
convenient on all occasions. They are jmrticnlarly valu- 
nble for daily observations of the fundus after tlecompress- 
ing trephining and other operations conducted in the course 
of brain surgery. — Ed.] 

If an Auer incandescent gas-lamp is used, it is to be 
borne in mind that the light is more greenish white, 
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which gives the pyc-grmind & different cfilnras com- 
pared with the yellow light. The same applies to ex- 
amination hv dayliglit, wliicli 13 allowed to enter the dark 
room through a suitahle opeuiog, which, Imwever, may !>e 
recommended for certain canes in which it is important to 
recognize the natural coloration of a structure in the eye- 
ground. With concentrated daylight it is possible to 
recognize the much-disputed yellow coloration of the 
macula lutfa of the retina (Dimmer). 

The patient shonld be placeil at a table, at a distance 
of 40 to 60 cm. from the observer, who sits opposite, 
with the table (m his right hand. The tjible supports 
the lamp, which should, if (xtssiblc, be on u level witli 
the patient's eye. The patient should sit on u revolving 
stool, and the lamp sbould be so arranged that it can be 
raised and lowered at will. 

The sni^eon should make it a rule always to examine 
by lateral lUummntion before proceeding with the oph- 
thalmoscopic examination until the habit becomes, as it 
were, second nature. This method brings out many 
changes that have an important bearing on the ophtlial- 
- mosoopic examination and should, therefore, never be 
neglected. Thus, a beginner may wawte a gWKl deal of 
time in trying to obtain a clear image of the eve-ground 
by the direct method, because he has neglected to exam- 
ine by lateral illumination and has, therefore, failed to 
discover opacities in the cornea or in the lens. The 
indirect method may be fairly successful even when tlie 
refracting media are somewhat opaque, because the light 
ia more intense and the image is not so greatly magnified, 
but not the erect image. The surgeon then begins by 

f)lacing the lamp to his right hand, takes up thp convex 
ens that awomfmnies the ophthalmoscope, and allows the 
light (from the lamp) to pass through it, holding the lens 
at an angle and b) one side, so as to throw a strong light 
into the anterior portion of the eye. By successively 
directing the luminous apox of the cone of light passing 
through the lenw on the individual parts of the eye, he ex- 
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t'ith tliG additional 
iiipe Eiicb 



(amines them sepjirately, if uece&sary, v 
sill of a good niagnifving glass, A bin 
BS Berger's is exceedingly useful. Witli it iris-uo<lules 
and other complex objects in tbe anterior chamber can be 
leotigDized at a glance. For a more detiiiled study tbe 

I larger loupe ilcaigned by Westien and particularly that of 
^ese, which Hupplieg electric illumination of the object at 
the ^ame time, are to be recommended. 
After this inspection by lateral illumination, the lamp 
js placed by the side of and a litllc behind the jtatieut, 
fiO that the light does not fall directly uito his eyes, but re- 
mains in shadow as much as possible, and the surgeon pro- 
ceeds with the ophthalmoscopic examination. The lamp 
Bhould be as near the patient s bead as possible. 

The second step in the examination consists in a simple 

b illumination of the eye. This exfnniinUion by (ymtsmitted 

wiis^i '" which we simply throw the light into tiie patient's 

^e with the conuave mirror so that the pupil ap{>ears 

!ed, reveals, as stated above, any opacity of the cornea 

lor of the lens and vitreous. In order to see any abnor- 

r toalities near the periphery ol* the lens or vitreous, tlie 

eye must be examined in various positions, hence the 

patient should be told to look up and down and to either 

side, the surgeon keeping the light reflex on the pupil so 

that it constantly appears red. 

Tbe third step in the examination consists in tlie em- 

■r|itoyment of the indirect mdhod, because it affords a better 

liSeneral view of the entire eye-ground. For this purp4)se 

v>nie convex lens of 1 7 D is held in front of the patient's 

e at a distance of 6 cm., corresponding to its focal dis- 

Doe, and if the glass is provided with a handle, the re- 

uning fingers of the hand that holds the Ions will not 

Kure the patient's face and interferu with the sight of 

! other eye. The handle, therefore, has a distinct ad- 

fe, because the other eye must be made to maintain 

lin direction by fixing an object at a distance. Thus, 

lining the left eye, the |iatient is asked to fix 

eBUi^i;eou's ear, and to do this his right eye must not 
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be covered. If tfic liglit is nuw thrown into the eye 
through the lens, and the observer looks through the 
opening in the mirror and the auxiliary lens, he will, if 
the auxiliary lens and mirror are in the proper position, 
immediately see the 0]»tic nerve [of the left eye]. 
During the examination the surgeon must accommodate 
for that point between the nnxiliarj' lens and the mirror 
which corresponds to the position of the image of the 
eye-ground, as explained above. This is one of the di£B- 
oulties of this method. The beginner usually accommo- 
dates either for the eye or for the auxiliary lens and gets 
an imperfect view of the image, since the latter is pro- 
jected between his own eye and the auxiliary lens. 

To overcome this defect it is advisable to practise with 
the same auxiliary lens on retluced inverted images of 
colored eye-grounds, such, for instance, as are found in 
the present volume. The picture should be held at a dis- 
tance of 60 cm. and examined with the auxiliary lens of 
17 D held at a distance of about 20 cm. from the picture. 
Incidentally the student will learn to orient himself in 
the inverted image. By practising in this way he will 
learn to know and overcome anotlier defect incident to 
the indirect nietho<l, namely, the reflexes of the auxiliary 
lens. He will soon learn to look between them by holding 
the lens a little obliquely. After he has learned to deal 
with these reflexes it will be easier for him to overcome 
or disregard the corneal reflex, which at first is such a 
disturbing factor in the examination. 

As soon as he has mastered the art of obtaining the 
inverted image in the actual subject, he must learn to 
keep the patient's other eye under observation by indirect 
vision, so as to control its direction. Children often dis- 
obey the order to look in a certain direction. Thus, they 
often will not look at the surgeon's left ear, when he 
wishes to inspect the left optic nerve, etc. To avoid 
wasting time, the surgeon must insist that the patient 
keep his eye in the same direction for some time. But 
after asking the p:itient to fix his left ear, the surgeon 
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must be careful not to make it impoesble br «)verin)r tl 
pulient'f right eve with the hanil that holda the aiixJIiai 
lens, ss has been eiplained abnve. He niu^i refit hb hai 

on tlie patieat'e face in sa<\i a way as not to nbetmct tl 
oilier e\'e and make it (IifEctilt for the intienl to 6.1 tl 
object he ig a^ked to look at. If the anxiliarr lens 
supplied with a handle (as in the len^ which goes wii 
Haab'e ophthalmos^oope) it U veiy much easier to mail'i 
ulate. 

The snigeoD niast further !eam to raise the upper ey 
lid with one of the fingers of the hand that holds il 
convex lens. This may he necessary in examining tl 
eye-ground while the patient is looking down, or in exan 
ining patients lying 'd hed. It is best done by layii 
the ulnar side of the tip of the fourth finger lightly again 
thenpperlid and drawing it upward. Thesui^eonshoii 
never be content with an examinutiou of the optic ner 
and its immediate neighborhood, but should truiu himse 
to inspect the peripheral portions of the eye-ground . 
well, and for this purpose should ask tlie patient to lu< 
up and down and to either side. 

To obtain a view of the optic nerve of the right eye tl 
patient L^ asked to look past the surgeou's right ear at tl 
wall, as the optic nerve lies about 13 d(^;recs to the nas 
side of the j)osterior pole of the eye. This, the mo 
difficult part of the examination, is extremely im[>orta[ 
because it shows the most important part of the retin 
As the corneal reflex is a very disturbing bctor ai 
the pupil contracts because the rays of light enter perpei 
dicularly, the image is weakly illuuiituited and it requir 
great practise to see this part of the eye-groimd clearl 
The best plan is to ask the patient to look into tl 
observer's left eye when it is desired to examine his le 
macula lutea. The surgeon then tries to get the image ( 
the left optic nerve into the temporal pinion of the co 
vex lens, and turns the mirror very slightly towanl tl 
nose, wliercn|wn the macula lutea becomes visible in tl 
nasal portion of tlie lens and the tronblesnine come 
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reflex disappears toward the temple. To examine the 
right macular region the patient is asked to look at the 
observer's right ear and the same steps are again repeated. 
Care must be taken not to allow any light to fall into the 
other eye, so as to avi>id any contraction of the pupil, 
and if the pupil is too small in spite of this precaution 
it must be dilated. 

It is of the greatest importance in using this method 
that the auxiliary lens be absolutely clean and free from 
scratches. Imjnirities in the glass always attract the be- 
ginner's eye and thereby make it difficult for him to see 
the eye-ground; and, besides, there is danger that they 
may be mistaken for abuornialities in the eye-ground itself, 
so that things seem to be seen there which in reality do 
not exist. The most minute sjKits, such as the finger 
usually Iphvos on the glass, appear white in the eye- 
gronnd and closely simulate white smts in the retina, 
for example, such as are found in albummuria aud diabetes. 

After the eye-ground has been sufficiently studied by 
the indirect method, the surgeon proceeds to the fourth 
step : examluaihn by the direct meOiod. To do this most 
successfully, the lamp (^liould be placed close to that aide 
of the patient's head which corresponds to the eye to be 
examined. The beginner will do well to confine himself 
to the patient's right eye, whicli he can inspect with his 
own right eye, as most {teople find this the easier of the 
two. After phicing the patient so ihat the lamp is on his 
right side, the surgeon simply throws the light into the 
eye. Then, still Keeping the light in the eye, he gradu- 
ally comes nearer and neater, and finally as near as pos- 
sible, until he begins to see iu tlie red glare of the pupil 
details such as portions of bloi>d- vessels in the eye-ground, 
taking good care, as explained above, to relax his accom- 
modation. The observer should always imagine that he 
is looking through the patient's head into infinity. If the 
patient has been told to look straight ahead and to the 
left (into infinity), the surgeon will soon get a view of the 
optic nerve by tracing one of the retinal vessels back to 
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The exaniinutitm of the left eye is siniewhat more 
difficult, because it must either be examined with the let^ 
eye to avoid collii^ion between the observer's and the |ia- 
tient's nose, or tlie patient must turn his head away from 
the light. On the whole, it is best to learn from the be- 
ginning to use the right eye in examining tlie jtatient's 
right eye, and the left eye to examine the patient's left 
eye. 

In looking for the erect image it is well to observe the 
following points: If the light is thrown on the patienfe 
fiice by means of a concave mirror held at a distance of 5 
,' and the observer looks throngh the opening in the 
mirror, he will see at the center uf the brightly illuminated 
field, which has the same shape as the mirror, a dark, 
blurred spot which represents the image of the opening. 
This can be most easily studied by throwing the light on the 
paUent's forehead. It will be noted that ihe pupil appears 
red as soon as this image of the opcniug is brought to co- 
inoide with it, hence if, without accommodating, we con- 
trol the position of this dark spot as we approach the eye 
(when tbo spot becomes more distinct), and by means of 
I indirect vision keep this dark spot constantly on the pa- 
[ tient's pupil, the latter will constantly appear red, and 
I some portion of the eye-ground will become visible as soon 
I as the proper point has been reached and the refracting 
* media permit of the production of a distinct image. 
Hence it is not enough in the direct method simply to 
direct the light from the mirror into the |>atient's eye, 
bat the center of the mirror, or, in other words, the o|»en- 
ki&g must be made to coincide with the patient's pupil, 
I because this is the only way in which the rays leaving the 
I patient's eye can enter the obser\'er's eye. 
I If correcting lenses arc necessary it is better to insert 
Ethem without removing the mirror from the eye, that is, 
Whj simply turning the disk of lenses. By doing this the 
^ijbaerver will learn to keep his accommodation relaxed. 
It ifl a very good plan to begin one's studies in ophthal- 
' With a plane mirror to 10 oin. 
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moscopy on the nibbil, ami I Imve, tliereibrc, given an 
illustrarion of the rabbit'e optic nerve and giirroiiodings 
in this book (Fig. 6, a). Thp rabbit's pupil is naturalW' 
large, and the eye is nstmlly at rest; Ijesiilea, the eye la 
hypermetropic, and the emerj^ing rays therefore diverge, 
making it easier to obtain a direct image. 

Sliould we use the plane or the concave mirror in the 
direct method? I shonld answer this question by saying 
that both the plane and the concave mirrors have their 
advantages. But the examiner should make himself per- 
fectly familiar with the color-gmdations in the eye-ground, 
especially the optic nerve, with at least one of them. I 
cannot say that abnormal colors, such as {uiltor of the 
optic nerve or gray discoloration, can be seen better with 
the plane than with a good concave mirror, but if two 
mirrors are used, the question is complicated by the fact 
that it becomes necessary to train ones self to recognize 
a special set of abnormal colorings for each mirror. 
Hence if the student uses only one mirror, he will obtain 
a certain proficiency in diagnosis earlier. In any event, 
it is best always to use the same mirror for the direct 
method. I have no doubt, however, that the examination 
of the maoula will be more exatrt if a concave mirror is 
used. A concave mirror brings out the macula it^lf and 
any alterations that may be present better tlian does the 
plane mirror, for the simple reason that in examining this 
portion of the eye-ground the pupil is contracted, and, 
owing to the darker pigmentation of the macular region, 
the image is dark enough even with the eonciive mirror, 
and altogether too dark and indistinct if a plane mirror 
is used. 

THE NORMAL EVE-QROUND. 

The apjtearances of the normal eve-ground as seen 
with the ophlhalmosco|>e present, as I iiave stated in the 
banning, so many variations that a thorough knowledge 
of the normal conditions ts of the greatest importance 
before proceeding to a study of the patholc^c alterations. 
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J cannot too Btrongly advise tlif beginner In stiuly normal 
et/ea as ojien and an thoroughly aspomble. 

But an accurate knowledge of the anatomic structure 
of the various parts is equally necessary for a proper 
understantling of the iiorraal conditions in the eye-ground. 
These are explained in Figs, 2, 3, and 14. 

The first thing we notice on looking into the eye- 
ground is ihe peculiar red coloration, which is very often 
misinterpreted and described as " abnormal redness." It 
is due to the fact that the choroid, as its name implies, 
possesseB a great number of blood-vessels, especially in 
the anterior layer next to the retina — viz., the plexus of 
the choriocapillaris — which becomes more and more dense 
OB we approach the posterior pole. The red color of the 
blood in these vessels is chiefly responsible for the red 
color of the eye-ground. It ia partly due also to the color 
of the retinal vessels, although they play a very insignifi- 
cant part. The purple color of the optic nerve has very 
little to do with it. We cannot see it as such any more than 
we can apprt«iate a delicate rose tint on a deep red color, 
not to mention the fact that the purple color of the optic 
nerve is very faint or disappears altogether under illu- 
mination. 

But the color of the eye-ground varies considerably in 
intensity. In some individuals it apfwars a light yellow- 
ish-red, in others the color varies from a dark red to a 
brownish-red. This variation is due to the variable 
amount of pigment contained in the eyes. Brunettes, as 
B rule, have darker eyes than blondes. The pigment 
may be variously distributed. The more intense the pig- 
mentation of the retinal pigment-epithelium, the more 
nniform will lie the dark re<l color of the eye-ground, 
because the re<l color of the choroid is more or less ob- 
scured and the ehoroidal vessels cannot be Been. In 
other individuals the pigment may be chiefly in the 
choroid, especially between the vessels, the epithelium 
of the retina being sparingly supplied with pigment. 
Again, the choroidal vessels do not always stand out with 
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equal distinctneBs boliiud the retinal vessels. In some 
cases we only a.'e dark areas which, on closer examina- 
tion, turn out to lie pigmented "intervnscnlar spaces of 
the choroid " (Figs. 1, 6, «, 9, a, 22, etc.). In other cases 
the entire plexus of retinal vessels reveals itself at onee 
(Fig, 5, b), owing to the presence of pigment between the 
vessels. If there is an entire absence of pigment in the 
retina and choroid, as in the albino, the vessels of the 
choroid apjjear red on a white ground (Fig. 10, b). The 
latter corresponds with the sclera. In individuals who, 
without being absolute albinos, possess very little pig- 
ment, as blondes, for instance, the choroidal vessels are 
occasionally seen as red lines on a light red ground 
(Fig. 4). 

In regard to the pigmentation of the background, it is 
to be renienibcrcd that the region about the posterior jMile 
corresponding to the maculii and the neigh borhixid of the 
optic nerve is usually darker than the peripheral portions 
(see Fig. 1 and many of the other pictures). 

Thedark brownish-red s|>otin the middle ofthe macula 
is due chiefly to the thinning ofthe retina at that point (see 
Fig. 14), As a result the pigment of the pigment epitlif!- 
lium and of the choi'oid is seen more distinctly through the 
attenuated membrane. The choroidal pigmentation is 
deepest whore the choroid joins the optic nerve ; and at 
this point we sometimes see more or less distinctly a 
black ring, the so-called choroidal ring (Figs. 1 and 5, 
etc.). Sometimes there is ii clear space between the optic 
nerve and the choroidal border, forming a more or less 
complete white ring, owing to the sclera appearing be- 
tween the nerve- substance and the choroidal border. 
Hence tliis white ring is known as the selerat ring (Figs. 
1 and 5, eU;.). The substance of the optic nerve in tlie 
ophthalmoscopic image appears grayish-red and partly 
transparent, tne nasal portion being somewhat aarker 
than the temporal, owing to the greater a^regation of 
nerve-fibers emerging in the nasal pirtion. The center 
is frequently, but not always, the ligntesL This depends 
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on the presence or absen<:e of a more or less developed ex- 
cavation in the center (Fig. 2, a). The deeper tliis exoiiva- 
tion, the more apparent the white lamina cribrosii in the 
center, and the brighter, therefore, the corresponding area. 
The optic nerve of the rabbit has a very distinct excavation 
(Fig. 6, a). It shows very plainly the manner in which 
the vessels distribute themselves over the retina without 
emerging from the funnel-shaped excavation. When the 
excavation is ver^* deep, so that the lamiiia cribrosa is 
plainly seen at tlie bottom, it is called a physioiogic ex- 
cavation (see figs. 5, b, 54, h). The lamina cribnisa is 
recf^izeil as a collet^tion of gray dots on the fI<H>r of the 
excavation. The border is formed f»y a delicate rim trav- 
ersed by the vessels as they tlip down into the excavation. 

The op(tc nerve is not always circular in outline; it 
may be normally somewhat oval in either direction. 
Under normal conditions it does not project beyond the 
retina, or if it does, only to a very slight extent in the 
nasal third, hence it is very much better to use the term 
opitc disk, rather than to describe it as a papilla. 

The retina being transparent, except wnere it is covered 
bypigment-epithelium, is almost invisible in theophthal- 
moacopic image. Occasionally a delicate striation of nerve- 
fibers is visible about the optic nerve, especially above 
and below it. In youthful individuals with darkly pig- 
mented eye-gronnds it is usually possible to see moderately 
well-marked rejk.t:es on the anterior surface of the retina 
about the/oi'«i oeniralia and the o})tie nerve. They appear 
as grayish-white, irregular spots among the vessels, or as 
bright lines along the vessels, and very often, even in later 
years, as a ring about the fovea centralis (see Fig. 5, n), 
or a small ring, or small bright sickle at the center of the 
fovea. 

We recognize these bright spots as reflexes by their 
peculiar sheen and by the ftct that their shape and posi- 
tion are affected by the movements of the mirror. They 
are most marked when the indirect method is used, es- 
pecially if the pupil is not well dilated. 
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The strongest of these reflexes is seen about the fovea 
centralis, and unless the observer looks directly on the 
macula he will only see a seiniUmar portion of it, usually 
the nasal half first. If the entire reflex is seen at once, 
it usually appears as an oval with its long diameter in the 
transverse direction and its vertical diameter correspond- 
ing approximately with that of the optic nerve, while the 
margin of the oval is sharply defined toward the center 
of the fovea and gradually disappears toward the periph- 
ery. Ocoasioually this reflL'x appears circular. The 
oval form cannot, as stated by Johnson, be due to the 
fact that the fovea centralis itself in most canes has a 
slightly oval shape, for, as I have frequently observed, the 
shape of the oval in any oase of well-marked oval reflex is 
notaifected by placing the lamp above the patient's head. 
Within the viacuhr reflex the eye-ground is usually 
very dark, the coloring being deepest at the center where 
there are no reflexes, with the exception of a minute point 
at the center surrounded by a dark foveal spot {see Figs. 1 
and 6, a). 

The macula can be exanitnetl only by means of the 
direct method, which gives a magnified image. By this 
method it is seen that the central reflex point is formed 
by a small shining sickle, which moves about the center 
of the fovea as the observer moves his head, in such a 
way that the point* of the sickle are always directed to- 
ward him. If the observer looks into the eye along the 
nasal border of the corneal reflex, the points of the sickle 
will be directed toward the temporal side, and if he looks 
along the temporal border of the corneal reflex, the points 
of the sickle will be directed toward the nasal side, etc. 
If the observer can succeed in looking directly into the 
eye along the foveal axis, that is to say, as much as pos- 
sible through the corneal reflex, the sickle will change to 
a smalt ring about equal in size to the largest venous trunk 
of the optic disk. The bright semitransparent corneal 
reflex is very disturbing in this examination, because it lies 
immediattily in front of the central |M>rtion of the macula. 
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If the pigmentation is only moderate, we see in the 

I region of the niaoula liilea, especially near its center, in 

\ the region of the somewhat darker foveal sjKit, a delicate 

[ ttipplinff of Vie eye-grfAind, giving the appearance of a 

1. mosaic composed of minute light and dark spots. This 

I Btippling simplv represents the irregular pigmentation of 

the pigmeiit-epithelinm of tliu retina. It may be more 

or less visible in the entire eye-ground if the pigmentation 

is not very marke{l. 

Dimmer,' who studied tlic reflexes on the anterior sur- 
face of the retina with great care, has pointed out that 
the smaller foveal reflex is due to the n^ular reflection 
of the light at the central, that is the deepest, portion of 
the retinal pit, and represents an inverted image of the 
«ckle-sha|»d or circular portion of the mirror which lies 
nearest the opening. For the center of the retinal pit 
I forms a small concave mirror (see Fig. 14, a-c) which re- 
r decte the light in such ii way that it can emerge from the 
I pupil under examination. But the rays that are reflected 
I from the edge of the retinal pit (that is to say, periphe- 
I rally from the foveal reflex) cannot leave thepupd, hence 
I we usually see no reflexes in the remaining portion of the 
I pit, which accordingly appears dim. Occasionally we see 
I an additional, somewhat larger, luminous ring, concentric 
I with the foveal reflex. Beyond the border of the pit the 
rays of light are again reflected in sneh a way that they can 
- leave the pupil, hence the bright reflex of the macular ring 
I which has been mentioned. The sharp central border 
I of this oval, therefore, corresponds to the point where the 
retina begins to become thinner lo form the pit; or in 
I other words, to the sides of the pit. It follows that the 
macular reflex exactly corresponds with the outline of the 
' central retinal pit, and can therefore be utilized to de- 
I termine the size of the latter. Since the optic disk has an 
I average diameter of 1.5 mm., the vertical diameter of 
\ the fovea is appniximatoly the same, while the horizontal 
oinewhat greater, disregarding individual variations 
Dimmer, Dk OphlhalmotroputAen tichtrrfttrc ihr Nelcliaul, 1891. 
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that occur here as well as in the diameter of the optic 
nerve. Willi the direct mcttiod and an ordinary con- 
cave inirmr, tlie large fiiveal n'fles (marginal reflej ' 
appearM very faintly or not at all, owing to the 
amount of light illnminating the eye-ground in this 
metli<K]. It appears a little more diBtinetly if a strong 
concave mirror — one of 8 cm. focal dUtaiice, for instance — 
is nsed. 

The other reflexes of the retina, especially those that 
follow the course of the vesaels {see Fig. 5, «), are formed 
very much in the same way as the macular reflex. Ac- 
cording to Dimmer's investigatioDS {loc. cit.) they are pro- 
duced by concave cylindrical or spheroconcave surmces 
found on the inner surface of tiie retina. These surfaces 
project lit a certain distance inverted images of those por- 
tions of the oplithalmoscope from which the light reaches 
them. 

In the region of the retina our attention is next 
arrested hy the blood-vessels. The first point that we 
notice is that they all meet on the optic disk, as the 
retina receives its entire blood-suppiy from the arteria 
centralis rdinm which, with the vena centralis retina, 
occupies the axis of the optic nerve at its entrance into 
the globe. Both the artery and the vein break up into 
their branches either on the optic disk or (sometimes) 
before they reach it. The arteries are recognized in the 
ophthalmoscopic image by the fact that they have a 
lighter color and a little brighter and broader central 
stripe than the veins. These diflerences in color can 
only be seen, however, in the coarser branches, just as 
the reflexes appear much more plainly in the thicker 
vessels and in the stronger magnification of the direct 
method. The bright stripe- along the center of the vessel, 
according to Dimmer (Ini^-. cit.), is due in the case of the 
arteries to the reflection of the light by the blood-cor- 
puscles in the axial stream, and in the case of the veins 
tn a similar reflection by the anterior surface of the blood- 
column. Hence the middle stripe in the arteries is red- 
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, being a simple reflex, is 



dish, while that in the vel 
white.* 

The course of the arteries ia, on the whole, straighter 
than that of the veins. The central artery, like the 
central vein, subdivides into a variable number of 
branches in the last segment of the optic nerve, or in 
the excavation, or upon the optic disk. The two prin- 
cipal branches in both systems run at first up and down ; 
soon they subdivide again, so that we can make out an 
inferior and a superior temporal artery and vein. In some 
cases we can also distinguish a nasal artery and vein 
carrying the blood to and awav from the nasal portion. 
The important region of the macula is supplied in part 
by vessels coming directly from the optic nerve and in 
part by brunches of the inferior and superior temporal 
artery and vein which arch around the macula. Hence 
we usually see in the macula and its immediate surround- 
ings only delicate vessels radiating more ur less toward 
the center, although it in impossible to trace them to the 
center of the fovea, even in the direct method. They 
usually disappear from sight near the inner border of the 
macular reflex. That they do reach the center of the 
fovea, however, iti shown by the well-known entoptic 
arterial figure elicited by moving a small opening to 
and fro In front of the eye, or by moving a candle from 
side to side in the dark. 

In the peripheral portions of the retina the vessels are 
few in niunber, of minute caliber, and mostly radiate 
toward the periphery. The arrangement of the vessels 
is atypical in the following cases : 

(1) When there is a so-called cUiorclinal r*-«»e/. In 
that case a delicate artery appears at the temporal border 
of the optic disk. It arises in the choroid, passes into 
the region of the opticus, enters the retina, and there 

' In the picture* of this Tolani« It hw bMu. tot urbniraX rpoMtis. im- 
pcadble to nproilac« tbese vsKulsr reSeire nccOTstely, etiprciaU; in 
ragkrd 10 widtb kod color, nul to meatiun the Cict that wilh (be slight 
macniflcstioQ of tb« indirect mctbod tb« reSetta are at beat verjr indla- 
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pursues a general Hirectiou toward the macula. This 
condition is not very rare and, when present, ia usually 
found in biith eyes, 

(2) When there is an opticociliary vessel. This ifl much 
rarer. It is a branch of the central vein or central artery 
and does not run as far as the retina, disap|>earing at the 
border of the optic disk. In other words, it does not 
reach the vascular plexus of the choroid. 

(3) Instead of the venous blood from the choroid being 
carried oil" by the vortex-veins in the equatorial region 
(Fig. 10, b), we often see, in highly myopic eyes, poste- 
rior vortex-veins which have a similar, but less extensive 
ramifieatton and carry off the choroidal blood at the edge 
of the optio disk (Fig. 45, a). Wliy these posterior vor- 
tex-veins should be found so often in highly myopic eyes 
I cannot as yet understand. 

Pulsation Phenomena. 

The pulse-plienomcna seen in the eye-gronnd call for a 
careful description. When we look at the richly branch- 
ing vessels of the eye-gnmnd for the first time, we cannot 
help asking ourselves why they lie so rigid and immovable 
and give no sign of pulsation, unless it be an occasional 
beat at one or more of the extremities of the veins on the 
optic disk. The reason why we usually cannot see any 
distinct pulsation in the arteries of the retina, or only a 
very sli^t pulsation, is, in the first place, the fact that 
vessels of such minute size show litllc or no pulsation 
because the j)ul9e-wave has become too weak by the time 
it reaches a small artery. It must never be foi^otten 
tliat we see the eye-ground greatly mngnified with the 
ophthalmoscope, and that if we examine the globe with 
the naked eye, the retinal arteries even where they are 
widest, that is, on the papilla, appear only as delicate red 
lines. 

Another reason commonly given for the absence of 
pulsation in the retinal arteries is the intraocular pressure 
which counteracts the pulse-wave. 
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It is, liowever, possible, with great care, to see tnie 
pulsating movements in the retinal arteries of normal 
individuals, but only where the course of the artery is 
curved. 

After a series of rarefiil examinations I have reached 
the conclusion that if one of the larger retinal arleries 
in the region of the papilla is distinctly curved we can 
alwavs see a movement of pulsation, manifesting it«;lf 
as a bulging of the arch with the systole or as a slight 
to-and-fro movement at the center in a direction perpen- 
dicular to the chord of the arc. If there are two curves 
in succession, forming a letter S, the phenomenon is even 
more distinct. It is also brought out more clearly by 
vigorous heart-action. This pulsatory locomotion is more 
easily and more frequently seen than is the pulsatory vari- 
ation in caliber, or, in other words, the alternate expan- 
sion and contraction of the blood-vessels. The latter 
phenomenon may be seen in heart cases. Another form 
of locomotion — a pulsatory backward and fur,ward move- 
ment of bifurcations in the larger arterial branches — is 
also seen in cases of heart-disease. 

On the other hand, there is a kind of artificial pul- 
satorv movement, best described as an intermittent influx, 
which can be produced in any normal eye. If, while 
carefully looking at tlie papilla, a gradually increasing 
pressure is exerted with the finger [on the eye under 
examination] we can see the to-and-fro pulsation of the 
blood-column in the ends of the arteries on the papilla. 
This phenomenon can be observed even by the indirect 
methml, liut, like all pulse-phenomena in the eye-f;round, 
appears more distinctly when the direct method is used. 
By the latter we also see how the intermitting influx is 
produced. As soon as the pressure of the finger reaches 
a certain degree, the ends of the arteries on the papilla 
are emptied, and at the same instant we notice that a 
little blood is forced into these vessels only at the height 
of the pulse-wave, after which the vessels collapse until 
the next cardiac systole, so that the ends of the arteries 
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are empty for tlint space of tinn?. The ends of the veiDS, 
of course, do not show any pulsation. On the contrary, 
if there is a physiologic venous pulse it usually subsides 
and the ends of the veins are less distended, the pulse 
reappearing only after pressure on the eye is removed, 
when the ends of the veins swell out and even the finer 
vessels on the papilla appear more distended and staod 
out more distinctly thau they did before pressure was 
made on the eye. 

This intermittent influx of the arterial blood into the 
vascular system of the retina is observed also when the 
pressure in the interior of the globe is raised by disease, 
instead of artificially by means of the finger. It occurs 
in glaucoma whenever the pressure rises rapidly (acute 
glaucoma) ; it is less noticeable !u simple glaucoma where 
the rise of pressure is gradual. The intermittent influx 
is exactly tlie same as when the pressure is raised arti- 
ficially. The pulse-wave overcomes the pressure on the 
walls of the vessels only at the moment of its greatest 
height. 

A similar phenomenon is said to occur when there is 
pressure ou the arteria centralis retinae behind the bulb, 
as, for instance, in the case of a neoplasm. 

Analogous to the arteria! end-pulse- wave is a venous 
end-pulse, better descriljcd as an intermittent efflux. 
This phenomenon is somewhat more difficult to explain. 
As has been said, the pulsating movement is often noticed 
in normal eyes, and then has no significance. Three dif- 
ferent explanations have been otfered. Bonders ' assumed 
that the pressure in the arteries of the interior of the eye 
was somewhat heightened during the cardiac systole, so 
that the ends of the veins on the papilla were compreaoed, 
because in them the lateral blood- pressure is least marked. 
As soon as the cardiac systole is over the venous blood 
flows ofJ'. Helfreich' gives the following explanation: 
According to investigations by Bei^mann and Cramer it 
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may be assumed that, owing to the rhythmical increase in 
the amount of blood sent to the arteries of the brain, the 
blood is crowded out of the cerebral veins by compression 
and this gives rise to an increase in the rate of flow of 
the venous blood from the cranium synchronous with the 
pnlse. Hence we have marked pressure- variations in 
the venous sinuses of the brain. The pressure-varia- 
tions in the cavernous sinus necessarily influence the 
movements of the blooil in the veins of the orbit and 
of the interior of the eye. Whenever the pressure in 
the cavernous sinus diminishes, the cerebral oloud is, as 
it were, aspirated, and there results a diminution in the 
caliber or a partial eo!la]).?e in the orbital veins, provid- 
ing the walls of the veins are not so firmly adherent to 
the surrounding tissues as to preclude the possibility of 
their collapsing. Certain conditions are, however, neces- 
sary for the pulse to show itself, otherwise the phenom- 
enon would be constant. 

Both of these theories in regard to the origin of the 
venous end-pulse may be utilized, v. Schulten has shown 
by manometric experiments that there is a. slight increase 
of the pressure in the inferior of the eye synchronous 
with the cardiac systole. Anyone can satisfy himself 
with the ophthalmoscope that a slight increase in pressure, 
aa by the finger, is immediately followed by a diminution 
in the amount of blood in the ends of the veins on the 
papilla. The lightest touch of the finger rhythmically 
applied suffices to imitate the venous pulse. On the 
other hand, we may believe with Helfreich that the 
cardiac diastole is accompanied by an increase in the rate 
of flow of the blood from the orbital veins to the cavern- 
ous sinus; but whether this increase is suiScient to cause 
the veins on the papilla to collapse, aa contended by 
Helfreich, may be disputed. While it may be admitted 
that the blood-pressure in these veins is very low at the 
end of the cardiac diastole, and that the increase in the 
intraocular pressure synchronous with the cardiac systole 
(Donders) momentarily contracts the veins perceptibly 
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or even caus^ them to collapse, it is probable that the 
damming back of the venous blood from the brain 
(Helfreich) antagonizes this contraction of the veins and 
produces engorgement of their extremities, which, as 
everyone admits, manifests itself shortly after the cardiac 
systole. In this way the actual conditions on which both 
theories are based are utilized. Whether my explana- 
tion is correct or not most lie decided by future investi- 
gators, 

S. Turk' offers a third explanation for the physiologic 
venous pulse. According to him it is due to a continua- 
tion of the arterial piilse-wave through the capillaries 
into the veins, a so-called progressive venous pulse, 
the pulsatory dilatation being produced by the cardiac 
systole, as in the arteries. According to him this abnor- 
mal prolongation of the pulse-wave is made possible by 
the comjiaratively high extravascular pressure to which 
the vessels in the eye are subjected. 

A true arterial pulsation is seen in aortic insufficiency. 
In this condition the differeuce in the blood-pressure dur- 
ing systole and diastole in the arterial system is abnor- 
mally great; that is to say, owing to tlie cardiac hyper- 
trophy, the pulse-wave is abnormally high and followed 
by an abnormal recession of the wave, because the blood 
flows back into the heart through the insufficient valve, 
unless aortic stenosis is also present. Accordingly, the 
smaller arteries and even the capillaries pulsate in this 
disease. In well-marked cases, we can see not only a 
violent pulsating of the retinal arteries and veins, but 
even a pulsatory blushing and paling of the papilla. 
The larger arterial branches in certain conditions show a 
true pulsation, both variation in caliber and locomotion, at 
a considerable distance from the papilla. Aa a rule, the 
veins in such cases show pulsation (variations of caliber), 
which may even be more marked than in the arteries. 
But if there is only slight insufRciency and but little 
hypertrophy of the left ventricle, or if the cardiac action 
' Tiirk, Areh. f. Ophth., vol. ilviii. p. 3, lS9a. 
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is oierGly wmk, as when the patient is at rest, the pulsa- 
tion in the retinal vessels may be absent or may appear 
only when the patient causes his heart to work faster. 
The intensity of the phenomenon in also diminished when 
there is eo-existent aortic stenosis. In other forms of 
heart disease the retinal vessels rarely or never exhibit 
pnlsatioD. An arterial pnlse is occasionally observed in 
mitral insufficiency. In mitral stenosis I saw it only 
once in fifteen cases. In mitral stenosis complicated with 
aortic insufficiency, I saw it in one case and not in an- 
other. Even in stenosis of the mitral valve and in 
mitral insufficiency with stenosis, I did not see any 
pulsation. 

It appears, therefore, that the pulse-phenomena in the 
eye-ground are of very little value in the diagnosis of 
cardiac disease. Besides, the detection of pulse-phe- 
nomena in the eye-ground is one of the most difficult 
things in ophthalmoscopy. To study them carefully it is 
well to examine the [Hitient on a chair instead of in bed, 
and to let him lean his arm on the table. The .surgeon 
should, if [mssible, aUo be seated, and support the arm 
that holds the mirror on the table. If these precautions 
are neglected, the pulsating movements of the surgeon's 
arm or trunk will det^eive him when he looks into the 
eye and make him think that the vessel he is examining 
is pulsating. The same error may be produced by pul- 
sating movements in the trunk of the patient. Auto- 
suggestion also plays an important part. If tlie observer 
is very anxious to see a pulsating vessel, he will seem to 
see things pulsate which in reality do not show a trace of 
pulsation. 

It goes without saying that these things can be seen 
only in the direct method. 
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FiQ. 1. Normal Eye-gronnd. — A moderately pigmented 
eye-grouDd, the pigmeDtation being strongest about tne optic 
nerve and behind the macula and its surroundings. At the 
periphery is seen the mottled appearance due to the increased 
amount of pigmentation in the intervascular spaces of the 
choroid. In front of the latter, in the center, are the retinal 
vessels with their lines of reflection. The arteries are lighter 
in color than the veins. The optic nerve possesses a moder- 
ately deep excavation with a correspondingly light color, a 
scleral ring, and a somewhat blurred choroidal ring. 

Inexperienced observers often fall into the error of mis- 
taking the dark intervascular spaces in the normal eye- 
ground, or the bright striations between the dark islands for 
pathologic conditions, and are thus led to make the diagnosis 
of disseminated choroiditis. It is, therefore, well to study the 
appearances of the normal eye-ground, especially the appear- 
ance at the periphery. 
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Flo 2, a. LongrltadlDftl SaeUon oT » Hotnul P&plUa sUined wltlt 
Weigert's slain, ahuwing Imw the tiprVG-flbere of tbe optic nerve loae 
their medullBry sheatb (block cnlnr) oa [he; pass Ihrougb tbf Ismina 
vribrosa and thuH ilimlDlah tbe calibiT of tlie optic uerve. Tbe blood in 
the vessels i>( tbe optic nervd, tbe relins, sud ohoruid. as well ae in the 
neighburbood of the optic nerve, wherever it la present, is also stained 
blapk. In the region of tbe papillB tbo centisl vessels {V. c.) are in part 
inibedtled and appear llbe round celU, 

When the nerve-iibera retain their raedullary sheAtb until tijc; reach 
the retina— a condition whivh is constant in the rabbit and 'occurs oo(»- 
sionally in man, although onl; to a slight degree— a white nuliation 
about tbe papilla ia produced which ia represented In Fig. 6, a, b, c. Tbe 
medullated nerve-tibers then apgiear glistening white in the ophthalmO' 
scopic image. The; are not transparent, and tberefore obscure the retinal 
vessela in pluees. 

In thin pictnre there in a well-tflarhed eieayation where the nerve- 
fiben dlvcr^ after passing through the lamina I'Hhrusa, dilTering in this 
respect from the following picture, where tbe divergence in very slight 
(cf. Fig. a, 6). 

In the ophthBlmoscopic image this appears as a pallor of the center of 
the papilla, or the so-called physiologic excavation— paler Iwcause tbe 
white, glistening connective tissue of tbe lamina cribrusa is seen more 
pUinl; through the diverging nerve-fibers. 

The sire of the excavation varies greatly within pliysiologio limllB. 
When it in largo, it is often difficalt to decide whether we have ta deal 
with a physiologic or palbntogic, that is t« say, glaucomatous eup. 

V. c, central vewiela ; Pig-, pigmetit-epitheliDm of the retina. 

MagnlQed U times. 

Fig. 9, b. Langlttullnal Sectles tbrotiglt a Normal Papilla iIiDwliig 

Almost Ho Excavation.- The bend of the nerve barely projects above 
the level of tbe retina, »u that there is only a very slight papilla. 
Behind the dcprt'ssioii. which is very shallow, the arteria ct vena c«n- 
tralU retinffi can be tncod for a short dislauee. Stained with hcnia- 
tuiylin and cosin. Nuvlei oiid gmnulcs of tbe retina violet; connective 
tinue reddish. 

V. c, central vessels: J-. Hubdural space of the optic nerve between the 
dnral (D.), or rather arachnoidal, and the pial (P.) sheaths, traversed b; 
trabeculie of connective tissue frbm tbe antchnoidal sheath (cf. Fig. SI 

Magnified 14 times.' 



' In the figures, which accnralcly reprodDco the microscopical sectio 
intervals apjiear here and there between tbe retina and the choroid a 
between the churuid and (he sclera. It is impossible (^ avoid this In i 
paring tbe specimens, but we must, of counw, imagine the variona la 
in contact with each otbor. The same applies to many of the folio 
Ognna. 
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Fio. 3. Bection through the Betina. Choiaid, uid Con- 
tignooB Sclera in a. Normal, Uoderately Pigmented Eye at 
a distance of several milliinetLTa from the nincula lutea. — 
The tissuea were tixod by itiiiiiersing the freahly enuclwited 
globe in a warm saturated bichloride solution, hardened with 
alcohol, and stained with hematoxylin and eoein. 

The preparation with the power used fur this illustration 
does not show the individual fibers of the nerve-fiber layer. 
In the inner reticular layer Mtiller'e eupjKirting fibers are 
barely seen as fine red lines. In the internoclear layer the 
outer reticular layer is easily dietingniehed from the outer 
fiber layer. In the layer of rods and cones the outer seg- 
ments of these structures are recognized by the fact that they 
are somewhat bent (probably an artefact), while the ioner 
segments are placed vertically on the external limiting mem- 
brane. The nuclei of the pigment-epithelium of the retina 
are plainly seen. The blood in the choriocapillaris and in 
the other vessels of the choroid, as well as in those in the 
anterior layer of the retina, is stained bright red by the eiMin. 

In the choroid the pigment-cells are found chiefly in the 
intervals between the larger vessels (corresponding to the 
pigmented intervaseular spaces of the ophthalmoscopic image ; 
cf. Vig. 5, 6, for instance). Only that portion of the sclera 
which is contiguous with the choroid is seen in the pictures 
of Fig. 2. 

/, Nerve-fiber layer; 2, ganglion-cell layer; S, inner retic- 
ular layer; 4, inner nuclear layer; ■!*, intemnclear (outer 
reticular) layer; 6, outer nuclear layer; 7, lairer of rods 
and cones ; 8. retinal pigment-^pitheliuui ; V-, retinal veasels. 

Magnified 214 times. 




Fig. 4. Normal Eye-gronnd. — ^The eye, being that of a 
blonde, possesses less pigment than that shown in Fig. 1. 
Note especially that the pigment-epithelium of the retina is 
much more transparent, so that the vessels of the choroid are 
very distinct. Aa the choroid also possesses a small amount 
of pigment, the intervascular spaces are lighter instead of 
darker than the vessels. The fovea in this case is red, and 
the reflex of the center of the fovea is not seen on account 
of the' pale color of the eye-ground. In the optic nerve the 
excavation and the choroidal and scleral rings are very 
marked. 

To understand the appearances of a normal eye-ground a 
knowledge of the normal anatomy of these parts is indis- 
pensable. The most important anatomic details are illus- 
trated in Figs. 2, a and b, 3, and 14, a, b, c. 
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CONGENITAL DEFECTS. 



Fig. 7. Congenital Circamscribed Defect of the Choroid 
(Coloboma Choroidero) in the luwer part of tiie figuro (erect 
iiii)i{n! rediiceii to the size of the inverted image). 

The defect exposes the Bclera aud has a roundish out^ 
line, iu upper burder beiog at a distance of three optic- 
nervp diameters from the papilla. Along this border a small 
amount of choroidal tissue is still present, but further down 
the membrane is represented only by a few remnants in the 
form of pigment-spota and a few vesaela. Some of the retinal 
vessels are seen on the surface of the coloboma. The rest of 
the eye-ground is normal. 

These defects of the choroid in the lower segment of the 
eye have been attributed to persistence and failure to unite 
of the fetal cleft. This explanation, though simple, is not quite 
adequate. The fetal cleft lies in the region of the optic vesi- 
cle, which later liecomes the retina, but as a matter of fact 
the retina is not absent in the region of the coloboma, since 
both in thU and in the following figure retinal vessels are 
seen traversing the coloboma. The defect is therefore not iu 
the optic vesicle and its cleft, but in the region of the meso- 
derm or of its derivative — the choroid. Three inferior colo- 
bomas and other c<mgenttal defects (cf. the following figures) 
are probably due in many cases to intra-uterine disease, and 
it is probable that the fetal cleft plays but a secondary rflle 
in the first group, consisting of inferior coloboma of the iris 
and choroid. 
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Fio. 8. a. Congenital CircnmBcribed Defect of the Choroid 
and Halformatlon of the lOptic Nerve < Coloboma Choroidete 
et Hervi Opticij (erect image reduced to the size of the 
inverted image). 

The choroidal defect iu this case surrounds the optic nerve, 
which is much increased in size. The manner in which the 
vessels leave the optic disk is altogether abnormEl. Tlie 
optic nerve and the portion of the sclera joining it below 
are excavated (eetatic), the larger cavity contaiuing three 
smaller diverticula, two ovnl and one round ()<taphjloinnta\ 
A few retinal and choroidal vessels are seen in the region of 
the coloboma. 

Fio. 8, b. Congenital Defect of the Figment-epithelinm 
of the Retina in the Region of the Macula Lntea. — The 
two whitish patches correspond to defects of the choroidal 
tissue which expose the sclera. They are traversed by a few 
choroidal vessels. At the temporal border of the optic disk 
there is another defect of the choroid having the form of a 
triangle with the apex broken off. In the orauge-colored 
areas, where the pigment-epithelium is absent, irregular lines 
of pigmentation are seen. The rest of the eye-ground is 
normal. The other eye shows similar changes. 

The patient is a young woman suffering from hereditary 
syphilis. 
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Fio. 11. Congenital Dislocation of the Lens (Ectopia 
Lentis Congenita; into the lower outer segment of the right 
eye (inverted image). — If the coDvex lens is held at the proper 
angle the border of the lens is seen passing obliquely across 
the center of the ophthalmoscopic field of vision ; the optic 
nerve is accordingly seen double : both through the marginal 
portion of the lens (small image, somewhat oval) and outside 
of the lens. The optic nerve presi^nts a crescentic, atrophic 
area with the concavity presenting downward, such as occurs 
in myopia. 
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Fig. 14, a. Horizontal Section of a Normal Uacnia Lntea, 
almost exactly througti the foveaceutraliB(J''. c). — Tbe freshly J 
BDut'leated globe waa iDimersed iu a warm i^aturaled biehlorid ,3 
solution and hardened in alcohol. The secliniis were stained ] 
with hematoxyliti andeosin. The walls of the excavation are j 
probably not so steep id the living subject as they appear in j 
this preparation. On the floor of the excavation the pigmen- ' 
tary layer is reduced to tbe slender cones with their fibers { 
and nuclei. In the internuclear layer the fibers, owing to tbe ' 
manipulation of the specimen, diverge somewhat {better seen | 
in Fig. 14, r), which makes the walls of the excavation appear J 
steeper than normal. 

Magnified 14 times. 

Fig. 14, 6, shows tlie outlines of the same preparation, I 
1 under the same power as the following picture. Magni- 
fied 30 times. 

Fig. 14, c. Another section from the same specimen through J 
the excavation and itfi surroundings, taking in the adjoininga 
choroid and sclera, under a higher power than Fig. 14, a. ] 
(On the floor of the excavation there is a slight prominence.^ 
which is an artefact.) Nest to the pigment-epitheliuiu we 
the choriocapillaris. On the posterior surface of tbe sclem J 
are seen several transverse and oblique sections of posterior 1 
ciliary vessels (F.). Stain the same as in Fig. 14, a. I 

The picture incidentally ^ows the relative thickness of the I 
three membranes — retina, choroid, and sclera. 

Magnified 30 times. 

In both sections we see at the margin of the fovea centralia j 
the internal limiting membrane {niargo limilans internus), ' 
which in the specimen has become somewhat separated from j 
its foundation. 
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Fig. 15, a. Longitudinal Section through the Papilla in 
Venritis (FapillitiB, Choked Disc), due ti) bruio-tumor (Ear- 
coma of tlie temporal lobe). — ytniiiefl with heiuatosylin. 
The papillu iti this specimen \b moduratelv swollen. The 
Bwelling may be mutn mure marked in tlieee cases — even 
more marked than in the following pieture. The separation 
of the retina from the choroid ie an artefact. (See £d. note 
oppodte Fig. 13.) 

There ie a heavy inflammatory infiltration (proliferation 
of nuclei) between the lamina cribrosa and the anterior Bur- 
Ace of the papilla. In the subdural space {J.) occasional 
areas of inflammatory exudate (_£.) are also seen. The trunk 
of the optic nerve, in the center of which a third segment of 
the central vessel is vieible, ie also the seat of moderately 
well-marked inflammatory proliferation. 

. inflammatory exudate in the subdural space of the 
optic nerve ; J., subdural space ; Jt, retina. 

Magnified 14 timee. 

In this case the papilla and > 
the picture seen in Fit:. I'i, a, i 
13, b. 

Fio. 15, b. Longitudinal Section through the Papilla in 
Veniitis and Papillitis from brain-iumor with jiuruleut men- 
ingitis, terminating fatally in spite of trephininp.^ — Stained 
with hematoxylin and eosin. The swelling uf the papilla is 
greater tbau in the foregoing case and would be more pro- 
nounced were it not for the separation of the retina from the 
Choroid (artefact). 

The lateral extension of the swelling beyond the border of 
the papilla, which in the ophthalmoscope produces the bo- 
oall«l enlargement of the papilla (see Figs, 13, 17, and 18), • 
Ie clearly seen. We also see without difficulty a marked 
'engorgement of the vessels, especially of the veins of the 
papilla (K. c.) and hemorrhages (S.) into the tiFsues of the 
papilla. There is also some inflammatory exudate in the 
subdural space. 

V.C., central vessels; E., exudate in the subdural space; 
CT., choroid; i?.. retina; if., hemorrhages. 

Magnified 14 times. 

The ophthalmoscopic image in this case resembles that 
■bown in Figs. 17 and 18. 



Fio. 16. Inflammation of the Optic Nerve and the Ac^a^ 
cent Portion of the Betina in Syphilis (so-called Speomo 
Neuroretinitis). — There is a marked blurring of the optic 
nerve and its surroundings, due in part to the diffuse central 
opacity of the vitreous. Tlie peripheral portions of the eye- 
ground in this case are not diseased, but in many cases they 
are the seat of foci of disseminated choroiditis in various 
stages. The picture before us is characteristic, or at least 
strongly suggestive, of syphilis. 

The opacity may disappear under appropriate treatment, 
but usually leaves a more or less pronounced atrophic dis- 
coloration of the nerve. Minute foci of choroiditis may 
develop in the periphery in the course of the disease. 
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Fig. 17. Intense Inflammation of the Optic Nerve (Papil- 
litis) aHer meningitis caused by a blow on the head. — ^The 
inflammation in both eyes has led to marked infiltration of 
the tissues of the nerve, manifesting itself in grayish-white 
patches and stria; on the papilla and surrounding portions of 
the retina, and in the hemorrhages at the lower outer l>order 
of the discolored areas. The diameter of the nerve is enlarged 
and the nerve itself moderately swollen and prominent. Owing 
to the presence of inflammatory product in the tissues of the 
nerve, the venous flow from the retina is impeded and the 
veins are therefore distended and tortuous (^ patient belonging 
to Prof. Eichhorst's clinic). 

The microscopic appearance corresponding to this picture 
would be about the same as that sliown in Fig. 18, 6. 



Fio. 18. Marked Inflammation and Congestion of the 
Optic Nerve in Orbital Tumor. — P^xophthalmos (protrusion) 
was present. The intraocular extremity of the optic nerve 
shows marked inflammatory and eilematous swelling in the 
picture. The inflammatory infiltration ap[)ears as a whitish 
striation. Tiie veins of the retina are very much congested 
and numerous hemorrliajres into the retina have occurred in 
consequence. The retinal arteries are moderately distended* 






0-3 3 s 3 S f" n 

o'f^s||;||:s 



;S.|^ 



rilEfilp 



L'2. 3- = 3 a g a 



ra,S.^sl 



fa I 
.- j.> ■ 

o. 

h 






Ipol! 



3 5-- 






111 






Ill 



I i ° ■=■= t 









.r!^sS|^ I ill I 



M Si 



8-S = 




i 



^^^^^^^^^^B 


p 




m 


M,^ ■■«*"^^ 


Corpus oUreum 




^^^■^^j^fc 


^ 


a-* 


HK^^^^~^^^ 


^^ ^ 


^^■^ 


^«^^^ 


^^ 


^^^to» 


J. ^^Kv 


iA('- c* 


r •^■ 




tfln --^ 


l<cs7^ 


iffl s 


t^. 


Arlfria central. 


^hhI 1 


h' 


Vena cfntralis 


tjKS/Kj 


'^Z'. 


JVerpus opticus _ 


w 


A 


Skhra^l^ 


Corp- Pllr. 


ijRttina 

^■»- ChorioideA ■ 


^ 


Hi 


BTH-Zfra 


NefDUS opticas 


_ 




Fig. 21. 


^hJ 



Fio. 21. a. Longitudinal Section throngh the Entrasoe of 
the Optic Nerre in Partial Atrophy (of the Optic Nerve). — 
Stained by Weigert'e metliwl, whicli culors the medullary 
ahettthe a bluish-black. lu the atrophic lett iialf of the 
nerve-truak the medullary sheaths are altogether absent. 
Owing to the partial atrophy and consequeat diminution in 
the volume of the nerve, t^ie etubdurul space is somewhat 
broader than normal and the arachnoidal sheath is plainly 
visible. The papilla is already distinctly flattened from 
atrophy. 

D., dural sheath ; A., arachnoidiil sheath ; I'., pial sheath ; 
V. cU., ciliary vessel. 
Magnified 14 times. 

FiQ. 21, b. Longitudinal Section tbrongh the Disk in 
L Total Atrophy of the Optic Nerve, stained after Weigert. — 
I All the medullary sheaths are wanting. The trunk of the 
1 nerve is thinner even than in tiie preceding case. The papilla 
■ shows a distinct atrophic excavation, on the flnor of which the 
I lamina crihrosa ia laid bare. A portion of the arteria cen- 
[ trails (_A. e.) is seen in this section. 

[ This is the microscopic appearance that corresponds to the 
[ophthalmoscopic picture shown in Fig. 20, b. The patient 
y firnra which the specimen was taken presented at the time of 
I his first examination a beginning gray atrophy like the pict- 
i of Fig. 20, a, and later advanced gray discoloration of 
; papilla, as shown in Fig. 23. Later he developed pro- 
I greseive paralysia and died in the insane asylum. The [>oe- 
[ terior half of the globe was kindly given me by Prof. Forel. 
Magnified 14 times. 



Fig. 22. Atrophy of the Optic Verve dne to Xnoreaied 
Intraocular Tension (Olancoma). — The entire end of the 
nerve shows marked excavation and dark discoloration. 
The lamina cribrosa is pushed back and plainly visible 
owing to the dia!uj>pearance of the nerve-fibers. The cho- 
roid near the optic nerve is^t atrophied and forms a pale 
areohi, aKso known as the ^hiueoniatous halo. The retinal 
vessels are j?harj)Iy hont at the idge of the excavation and 
dip down U> the ih)or, where some of them become visible on 
the lamina cribrosa. At lirst the veins are congested and 
dilated, but now the vessels of the retina are also beginning 
to atrophy. Paralhictic dislocation and measurement in the 
erect imajjfe (see Intnxluction) reveals a distinct movement 
of the edge of the excavation in front of the floor, and the 
excavation is found to l)e about 2 mm. deep (0 D diflerenoe 
of refraction between the ed^e and the floor). 

The ^glaucomatous chauL^es in the end of the nerve are 
illustrated in Fig. 24, r and d. 






IsaS-l: 



='g3Sa 



^ ^ 5"! 






_^i.-.g'5 










ft 

I 




Fio. 24. a. Ueridional Section through the Begion of ths 
Angle of the Anterior Chamber in a Normal Eye. — The cil- 
iary body became loosened tVoui the sclera iluriiig the prep- 
aration of the Bpeciineii, hut the position of the iris is approx- 
imately correct, so that the augle between its ciliary attachmeDt 
and the curnea is well seen. 

C.v.e., circulus venosuB ciliaris, or Schlemni's caual, or, in 
the new nomenclature of the Anatomical Society, sinus yeno- 
BUS sclerie ; L.p., liganieutum pectinatum. 

Mi^nificd 14 times. 

Fig. 24, b. Section through the Same Region, showing the 
Obliteration of the Angle of the Anterior Chamber which 
often occnrs in Glaucoma. — As the uijueous lunnor leaves the 
bulb through tlie angk' of the aiittrior chamber, obliteration 
of that angle obstructs its outflow and thus esplains the in- 
creased pressure in glaucoma. The fluid is retained within the 
bulb and this gives rise to the further eymptoms of glaucoma, 
eapecittlly the excavation of the head of the nerve by pressure, 
which is shown in the two Iblluwing pictures. 

Magnified 14 times, 

FiQ, 24, e. Longitudinal Section throngh the Head of the 
Optic Nerve in Advanced Olaucoma. — The excavation of the 
end of the nerve due to the increased intraocular pressure 1b 
well marked. The papilla is rejilaced l>y a concavity with steep 
aides, the floor of winch is formed by the lamina cribrosa and 
the nerve-fibers which hjive not as yet become atrophied by 
the pressure and kinking at the eilge of the papilla. 

Fig, 24, c^. Longitudinal Section throngh the Head of the 
Optic Herve in a still more Advanced Stage of Glaucoma, 
showing the diminution in size of the trunk of the optic nerve 
produced by atrophy of the nerve-fibers and the increase in 
the width of the subdural space [of the optic nerve]. — In thia 
section the kettle-shaped excavation on the end of the nerve 
that occurs so often in glaucoma is quite pronounced. As the 
nerve becomes smaller between the lamina cribrosa and ita 
anterior extremity, as shown in Fig. 2, a, the glaucomatous 
excavation in which the lamina cribrosa is pushed backward 
by the abnormal pressure upon it is very apt to take on this 
kettle shape, that is to say, to become narrower in front than 
behind. To a limited d'e 
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Fig, 24, e and d, magnified 14 times. 
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Fio. 26, a. Section through the Retina in Betinitia Alba* J 
minmica. — StaiDe<l with hematoxylin and eusiii. 

The ravages prixiuced by the dieeafie will be at oi 
by comparison with Fig, 3, Numerous hemorrhages staineda 
red by the cosin occupy the anterior layers of the retina. LaV 
the internuclear (outer reticular) layer we find between tfau 
fibers numerous gaps formed by edeua and exudation. In^ 
one spot (stained very dark) is seen a mass consisting prol^fl 
ably of fibrinous exudate (cf. Fig. 27). 

Similar gaps are seen in the nerve-fiber layer which C 
tains numerous varicose nerve-fibers shown under a bighc 
power in Fig. ;i6, b and e. 

Magnified 20 times. 

The section corresponds approximately to the opbthalnio<i 
s<M}pic pictures shown in Fig. 2S, a and b. The white foci ia| 
the retma correspond anatomically to the masses of fibri 
exudate represented in Figs. 26 and 28, or to varicose nervt 
fibers that are often aggregated in bundles, or possibly t 
collections of wiuidering leukocytes and tissue-cells in a mora 
or less advanced stage of fatly degeneration. The fatty d&i 
generation is not seen in the specimen, which, however, showi 
masses of emigrated lymph-corpuscles scattered here and then 
among the tissues. 

Fio. 26, b and c. Varicose Nerve-fibers from the sectiu 
shown in Fig, 26, a, under a higher power. — Along tht 
spindle-shaped thickenings of the nerve-fibers (stained violel 
by hematoxylin) are found nuclei of lymph-corpusoles i 
infiammatory leukocytes. 

Magnified 112 times. 
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Fig. 27. Alterations in the Retina in Retiniti* Alba- 
minnrica. — a representa a aectiou through the retina, cho- 
roid, anti part of the sclera. The interval between the 
layer of roils and cones and the pigment- epithelium, and 
the separation of the internal limiting membrane from the 
nerve-fiber layer are artefacle. 

b represents an adjoining portion of the same apecimen. 
lu the nerve-fiber layer and In the ganglion-ce!i layer leuko- 
ovtee are seen scattered through the tissues, especially in 
Fig. 27, b. The lymph-spaces are nider than normal, owing 
to edema and the presence of amorphous exudate. The in- 
ternuclear (outer reticular) layer contains a network of tough 
fibrinous exudate stained red by easia. In Fig. 27, b, an 
amorphous fragment, similar to that shown io Fig. 26, is seen 
in the midst of the fibrin. The tiasueH of the internuclear 
(oDter reticular) layer are likewise edematous (larger gape 
in the tissue). The layer of rods and cones is degenerated 
and granular, the elements being widely scattered in places. 
The choroid is the seat of a pronounced infliimmatory in- 
filtration (J.). The bloiKl-vessel V., in Fig. 27, a, shows very 
little inflammatory thickening, in marked cimtrast to the 
blood-veesel V.. in Fig. 27, c, the walls of which are greatly 
increased in thickness and t-ontain pigment-granules. 

/, Layer of nerve-fibers and ganglion-cells ; 2, inner retic- 
ular layer; S, inner nuclear layer; 4i internuclear (outer 
reticular) layer ; 5, outer nuclear layer ; 6, layer of rods and 
cones ; 7, choroid ; S, sclera. 

a and b magnified 122 times ; c, 150 timee. 
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Fig. 31. Changes in the Eye-gronnd in Fernicioiu Ane- 
mia. — The eye-ground is paler than normal. The disk is 
anemic and considerably lighter in color. The dilatation of 
the arteries is slight, that of the veins marked. The retina 
contains numerous hemorrhages; some of them are pale in 
the center, which is rather characteristic of jKirnicious ane- 
mia, although it also occurs in other forms of retinal hemor- 
rhages. A few white patches are also seen near the optic 
nerve. The patient, who belonged to Prof. Eiclihorst*s clinic, 
died soon aAer the picture of the eye-ground was made. 

Fig. 67 shows a microscopic section of an area of the retina 
containing hemorrhages of this kind. 



FiQ. 32. Obstmotion of the Central Aiterj. — The e 
of the optic disk are obscured by a thick white opacity of ' 
the retina, which extends over the entire regioa of the poete- 
rior pole, The vessels in the neighborhood of the optic nerve 
are indistinct in places as if tbey were Interrupted, while in 
the macular region the minute retinal vessels appear espe- 
cially distinct. In the middle of the fovea! region we see a 
cherry-red circular patch, not due to heiiiorrhage, but to s 
thinning of the retitia, allowing the choroid to be seen 
through it, the red color beiug intensilicd by contrast with 
the white surroundings. The retinal arteries, which at firat { 
were contracted, have now regained their normal caliber ' 
fairly well, but they are still narrower than the veins. The 
blood-column in the arteries is interrupted iu places. At the 
periphery the retina is normally transparent, so that the pig- 
mented intervascular spaces of the choroid are plainly seen. 

The obstruction of the central ariery, which is the cause 
of this ophthalmoscopic image, was formerly always attrib- 
uted to embolism. In my opinion the cause of the circulatory 
disturbance is much oftener thrombosie or obliterating endar- 
. terilU, embolism being very rare. 
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Fio. 84. Obitraotion of tlie Superior 1 
)liliteratii 



Bpanl Axtny of -^^| 
. Xndaiteritii^ or^| 



the RetinK by Thromboiu, Obliterating Sndarteritii^ 
Emboliim. — The retina is cloudy in the distribution of i 
arterial brauch. The aite of the obBtruction cannot be 
clearly seen. The obstructed vessel contains nearly ai 
much blood as a normal vesael. The opacity of the reUna 
is moat sharply defined toward the macula, where it is aln 
most intense, as is also usually the caae in obetructioii of the 
central artery. 

The condition was found in nn old man who was aafi^ring 
irom arterial sclerosis and later died of cerebral apoplexy. 



FiQ. 35. Baonrring Hemorrhages in the Retina, &nd Vit- 
l nona in a Young Individual (direct method;.— Later, hem- 
I orrhage into the vitreous aJao ucciirrcH and it became very 
L difficult to see the eye-^^rouod. The cauae of the process was 
[ never determiued. The urine cuntaiued no albumin, hence 
C the stellate figure in the macula cannot he attributed to alhu- 
rninuria. A vein in the nasal portiou presents white mark- 
The retina contftioa numerous hemorrhages of various 
A large hemorrhage above the posterior pole, which 
I does not alter its form, has sent blood down to the macular 
K|rKion where the blood, being duid, forms a horizontal layer. 
■ When the head is inclined to one side the level of this col- 
Flection of blood immediately assumes the correajKiiiding angle, 
showing that we have to deal with a sacculated hemorrhage 
betueen the vitreous and Uie relina. 

These preretinal hemorrhages are often situated immedi- 
ately in front of the fovea of the retina and usually produce 
a small round reflex, which aljsoJutely resembles the small 
fovea refiex. In my opinion the reflex may be explained as 
I follows : the portion of the vitreous lying in frout of the retinal 
' fovea — representing a east of the retinal fovea — retains its 
I ahapeand dips down into the hemorrhage in the same way as 
> it dips down normally intt> the fi>vea. Thus, it forms adepres- 
^ Mon in the hemorrhage, which causes a reflex similar to that 
1 of the retinal fovea. 



Fio. 36. Syphilitic Disease of the Retinal Arteriea.- 

the lower left-hand purtion of liie pictore, L'orres ponding ^''^'fl 
the distribution of the diseased arterial trunk, the retina ia* 
cloudy and covered with numerous hemorrhages. The dis- 
ease of the arterial walls maoifeGts itself iu various places in 
this region in the form of white lines which accompany the 
blood-column. lu places the blood-colunju is entirely ofe^ 
scured by the walls which have become opaque. lu ttf 
lower righl-band portion uf the picture there are also! 
large number of hemorrhageSj but the retina is not cloui^ 
and no vascular changes are visible. At the opposite bord 
of the picture (to the left and above) is seen an artery wi^ 
changes in its walls without, in this case, either hemorrhai 
or opacity of the retina. The retina probably doea not d 
come cloudy unless the disease leads to complete occlusion oi 
the vessels and cuts off all the blood-supply through the col- 
laterals. Hemorrhages may be present even when the arte- 
rial disease cannot be detected with the ophthalmoscope. 
Finally, the walla of the arteries may appear white without 
either opacities or hemorrhages appearing in their distribution. 
The pathology probably corresponds to that of syphilitic 
disease of the arteries in other parts of the body (brain, etc.) : 
thickening of the intima and adventitia, first by cellular, and 
later by fibrous tissue. The thickening is often so great that 
the lumen of the arteries is almost or quite obliterated. 
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Fio. 37. Syphilitic Neuroretinitia and Disease of thai 
Betinal Arteries, Fourteen Days after the Beginning of tha ; 
Diieaae. — The onset was sudden; one eye only was afl'ected. 
At first there was merely the picture of neuroretinitis with 
marked hydremia (citrrespoudiiig appruxirnatety with Fig. 
12, a), and in the macula a dilfuseoiiacity with a a mall, round, 
grayish patch. Visiou waa cumpletely lost in the center, in 
the entire uasal half, and in the upper outer portion of the 
Tiflual field, In spite of immediate and energetic treatment 
vieion did not return and soon the picture of Fig. 37 devel- 
oped. Although no albumin was ever found in the urine, 
numerous white foci of degeneration appeared in the retina 
near the macula and about the optic disk, while the inferior 
temporal artery showed syphilitic disease of iis walla in the 
form of small white scales. At the same time the neuritis 
disappeared and was replaced by atrophy. Infection had 
occurred twenty-seven years before. 

This disease of the retinal artery, manifeatine it.self in 
white scales, I connider peculiarly characteristic of syphilitic 
disease of the vessels. 

This case also shows that the stellate figure in the macula 
is not peculiar to albuminuria. It is probably a general 
expression of intense disease of the vessels and correspond- 
ing interference with the retinal circulation. 




Fio- 37, a. Angioid Streaka in the Betina. — The patient, 
aged fifty, preseuta nothiog inipoi'taut in hi^ clinical history, 
and physical exaiuiuatioii fails to deoiDustrate the presence 
of orgauic disease. One brother has angioid streaks very 
similar to those portrayed in the illustration. | 

a. Bight Eye. — K^cuunting fingers at 60 am. The optio \ 
disk preserves iU capillarity upon the nasal aide, but preeente 
upon its tempoi'ul aspect a pntcli of atrophic color. It is sur- 
rounded by au area of superficial choroidal atrophy. The 
retinal vessels, both veins and arteries, are about normal id 
size. Directly in the macular region, and occupying a large 
apace of the temporal half of the eye-ground, is a nuge, almost 
circular hemorrhage, broader an^ more fringed below, ita 
center being occupied by whitish and yellowish areas of 
retinochoroidal atrophy. Chiefly upon the nasal side, and 
generallv following the course of the retinal veasels and lying 
m the plane beneath them, is a syatein of branching atreaks, 
somewhat granular in appearance, partly brownish and partly 
reddish in colon Within the boundaries of the hemorrhage 

Ereviously noted may he seen another aystem of atreaks, aome 
rownish, and others still fre^h and hemorrhagic, and directly 
connected with and proceeding from the band of blood-ex- 
travasation which circles this area. Downwai-d and inward 
from the margin of the hemorrhage may be seen a small patch 
of similar streaks jnst beginning to lorm. The rest of the 
eye-ground is without notable lesion. 

b, Lefi Eye. — recounting fingers at 50 em. The optic 
disk is round, the atrophic nrea being more decided above 
than elsewhere. It is surrounded by a patch of superficial 
choroidal atrophy and pigment disturbance. Everywhere 
throughout the eye-ground are numerous anastomosing brown- 
bh and reddish-brown streaks, of a character similar to those 
found in the other eye, but evidently at a more advanced 

feriod of their formation. The macular region and temporal 
alf of the eye-ground are occupied by a large vertically oval 
plaque of choroidal atrophy streaked with black pigment 
Bordering this below, and between it and the disk are broad 
reddiah bands, somewhat resembling exposed choroidal ves- 
sels, of which, in some instances, they are representations. 
It is evident that the process in the left, which is the one first 
aSecled, rejiresents a further advanced stage than that in the 
right eye. 
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Fia. 37, b. Chaneei in the Eye-ground in Arterioioleroaii. — 

i The left ej-e-grouiid reprtstnted \s that of a heavily built florid 

woman, aged Bixty-tive, wlm ihiucg 18!}0 suffered much from 

bronchitie of the influenza type. At night she is sum e what 

asthmatic and complains of being rheumatic; she is much 

troubled with drowsiness. The capillaries on lier face are 

Bomewhat distendetl nver the bridge of the nrise ami on the 

cheek-bones. The radial arterv is ii little rigid to (he touch, 

Knd more rigid upon the left than upon the right aide. The 

temporal arteries are plainly visible, although nut greatly 

[ distended. The urine has a low specilic gravity uud t-ontaina 

a trace of nlhiimin and occaaional'v a hyaline cnet. 

The vision of the eye is }^ Ophtfaalmoscopically, the fol- 

l lowing lesions are evident: Edema of the nasal margin of the 

V disk light-i»Iored, somewhat tortuous arteries, the upper 

I temporal artery being markedly and unevenly narrowed and 

1^ constricted, and bordered by one or two old extravasations ; 

% distended veins, presenting numerous alternate contractions, 

rpically exhibiting the signs of mechanic pressure where 

taey are crossed by the diseased arteries, the u|)per temporal 

L vein being so impeded in its circulation that it is fringed with 

ka white border of inflltration, unevenly contracted and grad- 

I'lully dwindles to a tortuous thread, preceded by several 

t Taricosities ; in other words, in one eye-ground, all of the 

^.appearances which are characteristic of arterioecleroaia. 




Fig. 38. Pigmentary Segeneratios of the Retina C 
itia Pigmentosa). — The disease always affects botii eyes, 
degenerative element in the disease is nim;ii more ins 
than the iiiflammatorv, hence the term pigmentary dege 
tion is to be prel'erreif. Tlie degenerative nature of the 
ease manifests itself in the contraction of the vessels t 
appears very early [in the disease]. As the process goes oi 
the arteries and veins become smaller and smaller. At " 
same lime the oplic nerve graduallv assumes a slightly a 
phic, yellowish- white appearance. The enliru eye-ground 
comes paler, more gray or leaden-hned, the longer the din 
lasts. The characteristic coal-black pigmented patches i 
appear singly in the periphery of tiie retina anil slowly ii 
crease in size as the years go on. (The picture shows q 
an advanced stage.) The pigment-patches are always sa 
sharply outlined, with serrated edges resembling bone- 
puBclcB, or stellate, and occasionally linear or bifurcated^ 
they follow the course of the retinal vessels. The r 
region and the region of the optic nerve remain free i 
pigment-patches longer than any other part of the eye-grouniK 
White patches do not occur. In exceptional cases a few yef 
lowish-white atrophic foci may Inter develop in the choroid 
usually very near the periphery, or there may be a hj 
of whitish dots in the macular region. Later, sclerosis a 
choroidal vessels not infrequently becomes visible, the vi 
assuming first a yellowisli, then a whitish color (see Fig. i 
The yellow coloration of the choroid veawls is seen above 6 
optic nerve in the illustratioD. 



Fia. 39. Pigmentary Degeneration of the Betina (Retin- 
itis Pigmentosa), Advanced Stage. — The color of the eye- 
ground iii more gray or lead-colored, the pij; me nt- patches are 
thicker, and iii places Ibriu a regular network. The atrophic 
diHcoloraiioD of tlic optic iierve is more marked aod the ves- 
sels are Biualler than iu the last picture. This case illustratee 
the peculiar character uf the visual disturbance in this dis- 
ease. The visual field becomes smaller and smaller and is 
finally reduced to a miuimuiu as the disease prugreseeB. As 
shoiru in the figure, the outerinoat jione of the retina remains 
free &om pigmentation uulil this time. Accordingly, the 
def^ in the visual Geld was a circular scotoma correspond- 
ing to the zone of pigmentation of the retina, sbowinK that 
the retina loses its function wherever it is attacked By the 
disease. The pi ff mentation is probably a secondary process, 
aa contraction of the visual field may occur without it. 

As the disease progresses the pigmentation spreads centrilu- 

SUyand peripheral vision is also destroyed ; while, on the other 
nd, the centripetal advance of the process causes contraction 
of the central visual field. 

The anatomic changes of the later stage are shown in 
Fig. 46, c and d, where the enormous atrophy of the entire 
retma is much more conspicuous than in the ophthalmoscopic 
imi^. The section shows how the retina eventually becotnes 
entirely converted into connective tissue and loses its normal 
transparency, esplainiog the gray appearance of the eye- 
ground in the severer forms of this disease. 



Fia. 40. Bueaae of the Eye-groimd in Hereditary SyphilU, 1 
— This figure and the two fullowing represent various fornu 1 
of the same disease — hereditary syphilis — whiuh, like tha J 
specific process in general, manifests itself in various formi. J 
Whether the priniury seat of the disease in these cases is il 
the retina (pigment-epithelium and rods and conea) or in thi. 
choroid, has not, in my opinion, beea definitely established.! 
I have inserted these pictures among the retinal diseases b» 
cause the pigment-pa ten ea ap]>ear to me to he situated for th( 
most part in the retina, and because in some cases the diseoM'S 
shows a certain similarity to pigmentary degeneration of thei4 
retina which has just been deacril>ed. The periphery in thsiil 
lower left-hand portion of the picture presents a leaden hue J 
and coal-black circular and triangular pigment- patches. TI 
rest of the eye-ground is covered with minute yellowish-n 
spots. The yellowish-reii i-oundish spots stand out from tl 
brown dotted background, which looks as if it were sprinkled 
with snuS! The retinal vessels are rather smail atid the opti<t!3[ 
nerve somewhat discolored. I have chosen for this pictured J 
case in which the disease was very well marked. BometimOB 4 
the sprinkling is found ouiv in the periphery of the < 
ground, and is neitlier so well pronounced nor so extensin 
in this picture. But whenever this sprinkling ia at all n 
marked it indicates hereditary lues. A similar but n 

finer sprinkling of the eve-ground occurs in oases of ii 

ficient pigmentation (in blondes). The latter, however, is, a 
a rule, seen only by the direct method, while the luetic can b 
seen by the indirect method. 



Fig. 41. Alterstioiu of the Eye-ground in Cong^enitil 
Syphilis, — In tliis form, whieli ia not quite so severe as that 
ehown in the last picture, the disease is often confined for a 
long time to the ])ertpfaery. In this disease also the pigmeDt- 
patches are probably, for the most part, situated in toe retina 
and are caused by a disease of the nlgment-epithelium. I am 
unable to decide whether the pale linear and circular yellow- 
ish patches are situated in the choroid or in the pigment- 
epitheliitm. They may be situated in one or the other. 

This and the following form of the disease are not rarely 
found after a difiiise interstitial keratitis if, after the cornea 
has become sufficiently cleared up, the periphery of the eye- 
ground is carefully examined. In some cases the patches 
may be confined to one side, in others they may be scattered 
more or less over the entire eye-eround [and on both sides]. 

Id the case here represented there had been a keratitis. 

The iocreaseiJ pigmentation at the margin of the optic disk, 
seen in Fi;^. 40-42, nmy not be present even when there is a 
chorioretinitis, and Antonellis's supposition that this marginal 
pigmentation (choroidal ring) h a stigma of hereditary ayph< 
ilia is not quite correct. It occurs also in normal eyes. 
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Fio, 42. Alteration of the Eye-^ouod in Congenital Syj 
ilis.— In place of the black aud griiy patches, whicb predoi: 
inate both in uhe and nuriil»er in the foregoing picture, v^ 
find in eome cases only wliitish, also circular, and ofteu tx 
fluent patches. The lur^r uf these are uudoubtedly eituat 
in the choroid. This is shown in the figure by the oval whita 

Eatch traversed by a red vessel. It ie a choroidal vea 
ence the choroidal tissue near the vessel ie absent a 
white of the sclera ebows through. There is no doubt, hen 
ever, that the pigment^pitbelium of the retina bas dial 
peared at the site of the patches, and is slightly incre 
about their margins, so that the margins appear somevhal 
darker than the surroundiDg tissue. This condition i * 
followed au attack of parenchymatous keratitis. 

Occasionally the forms shown in Figs. 41 and 42 are a 
dated, resulting in a mixture of both dark aud light circuit 
confluent patches at the periphery, while sometimes, in add] 
tion, we find the form shown in Fig. 40— viz., minute red a 
yellow spots on a brown, nioUled background, with a sprtnl 
ling of small pigment- patches. 

In general, these three types of hereditary specific ey( 
ground disease show a tendency to the formation of spherioi 
foci, which coalesce and form irregular figures. 
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FiQ. 43. Secondary Fi^entatioQ of the Eetina in Dis- 
•emisated ChoroiditiB.^ln tljc c'<.'titritl |iui'tioi) the picture 
eoiDewiiitt reaeiiibles pigiueutary degeueratiou i,Figs, 38 and 
39). The optic nerve ia somewhat pale, the vessels are small, 
the eTe-grouiid lighter than normal, with a suggestion of yel- 
lowish-sray. This nrea also cootaiue pigment-patches exactly 
reeemblitig those seen in pigmentary aegeueratLon. Id addi- 
tion, however, there are large white circular, sharply outlined 
patches near the peri|)hery. They correspond to portions of 
the sclera which have beconte visible, because both the pig- 
ment«pithelium of the retina ami. owing to the diaaeminaled 
foci of mflaintnation in the choroid— c/ioroiWilt* dUaeminutn — 
the choroidal tissues have disappeared. Xothiaz remains of 
the latter except here and there a few isolated cQoroidal ves- 
sels, traversing the patches like narrow red ribbons. And 
even the vessels are wautiug in many of these atrophic foci 
of the choroid. One of them contains at its center a small 
patch of pigment. This variety of chorioTeHnilM, a lat«r 
stage of which is here represented, is often complicated with 
more or less opacity of the vitreous, and is frequently caused 
by syphilis. 

Secondary pigmentation of the retina also occurs after 
other forms of choroiditis if the inflammation is severe and 
lasts a long time, as will be shown in some of the later 
pictures. 



Flo. 45. DiBease of the Macula Latea of the Retina 
resulting from a High Qrade of Hyopia. — At u one seea tlie 
reddening; and slight swelling of the nasal portion of the 
nerve that are aj>t to develop when eyes of this kind are 
subjected to strain, and wliieh probublv represent a func- 
tioDal hyperemia, although they are regarded by Bonie ae 
inflaniiDBtory conditions. Tlie disk also ie somewhat oblique 
and surrounded by an atrophied portion of the choroid in the 
form of a " meuiscus " or cone. The pigmentation of the eve- 
ground is somewhat fainter than normal. The macular aJB- 
ease manifests itself in yelluwish-red spots and n somewhat 
irregular pigmentation. The middle of the fovea is occupied 
by a black spot surrounded by small hemorrhages. 

Piu. 45, b, repreaents u more advanced stage of the disease, 
recognized by an increase io the pigmentation and the pres- 
ence of white 8|>ot«, which indicate thai the choroid is involved 
and atrophied in places, exposing the sclera. A few |>ale 
spots exteud as far as the atrophic meniscus about the optic 
nerve. 

Fia. 45, c. shows an advanced case of macular disease, in 
which there is not the slighteet doubt of the choroid being 
involved. The optic nerve is purn)unded by an atrophic ring 
which is hroadext on the side near the niiieula. The macular 
region is occupied by a large white patch with sinuous and 
partly pigmented outlines within which the choroid haa 
entirciv disapjieared, except for a few vessels and traces 
of pigment. To the temporal side of this the choroid and 
retina have disappeared, leaving a large atrophic patch 
extending as far as the equator, covered witn irregular 




Flo. 46. a. Secondary Pigmentation of tlie Retina canied ' 
by a Fragment of PercuBsion-cap (not shown in the pictuie), > 
which remained in the eye twenty yearB.— Posterior segment 
of the eye seeu t'riiiii the j'roiil. At llie ceiiter oiie sees the 
optic uerve and tlie retiual vessdo radiating in all Uirectione. 
In the left half of the figure the retina ib detached from its 
hase, but whether this condition was present during,' the indi- 
Tidual'B life, or is an artificial product, cannot be determined. 
The area of retinal detachment shows the pigmentation which ^ 
closely reseniblefl that seen in pigmentary degeneration (retin- 
itis pigmentosa, see Pigs. 38 and S'J) better than the rest of 
the eye-ground. This preparation shows more advanced ' 
changes in the retina than are seen in the ophthalmoscDpio 
picture in Fig. 74, which also shows the changes produced in 
the eye by a piece of percussion -en p. The patient, who wa« ^ 
recently examined, now shmvs much Tiioie marked pigmenta- 
tion of the rotiNa tlimi at tlir lime lliis piclvire wan taken. 

Fig. 46, 6. Sagittal Section of an Eye with a Total or 
Fnnnel-ahaped Retinal Detachment of Long Standing. — The , 
retina extends Ibrward in the t'orni of a band, which is broader 
in front, still contains some remains of the degenerated vit- 
reous body, and surrounds the lens. The interval between 
the retina ami the chomiii is occupied hy an amorphous i 
exudate. 

Fi<i. 46, c. Pigmentary Degeneration of the Retina (Retin- 
itis Pigmentosa). — This jiiL-lure represents an advanced sta^ 
of the disease, htuce the norund structure of the retina la 
entirely lost, being represented hy a fibrous membrane c 
taining many nuclei interspersed witli pigment. Tlie rods and 
cones have disappeared completely. The choroid is normal. 

Magnified 30 times. 

PiQ.46,(i. A Portion ofthe Same Specimen under a Higher i 
Power, — In places the pigment is collected about the blood- ' 
vessels in accordance with what we see in the ophthalmoscopic ' 
image : P.P., pigment in the retina. 

Magnified 78 times. 
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Fin. 49. Perforation of the H&ciila Lutea after Conta- 
Bion of the Eyeball.'— The putlctit, a mau uf tifiy-two, ho4 
had a stick thrown at hie left eye ten years before.' Since 
that time the vision of the injured eye was impaired, and at 
the time of my first examination, when the picture of the 
eye-ground waa made (1891), he could only count fingers at 
a distance of 1.5 meters. At the center of the nmoulu there 
IB a circular opening with sharply defined edges about half 
the size of a papilla, the surrounding area is slightly opaque 
with minute dots and in places covered with pale glistening 
spots and patches. Of the latter a few are also found in the 
retinal defect characterized by its red color. The floor of thia 
defect is almost uniformly red and by the direct method shows 
onlya very faint mottling, representing the mosaic arrangement 
of the pigment-epithelium. But this can only be recognized 
with great difficulty. The rest of the eye-ground is nnrmal. 
I have frequently seen defects of this Kind after severe 
contusion of the eyeball by a blow with a stick or fist, explo- 
aions, arrow wounds, stones, etc. The o]wuing h usually cir- 
cular, but may also become oval in outline, owing to shrinking 
' and consequent deterioration of the retina in the neighborhood 
of the macula. It is probable that openings of this kind in 
the fovea may appear spontaneously in advanced age without 
any traumatism, possibly owing to arteriosclerosis. In a case 
of this kind I saw such a perforation in both eyes in a woman 
sixty-four years of age, with marked arteriosclerosis and some 
albuminuria. (Tiie Editor has reported similar cases and one 
similar lesion which apj)eared after non-traumatic iridocyclitis.) 

■ Sm Hasb. Die Iraumatitehe DurcUocheriiiis der Mahtla lutea. Ztiekr. 
fir Augnhfilk.. 1900, p. 1 13. 

* Due II. hi the article just dt«il. 
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FiQ. 60, a. Section throngh the Hacnla Lntea and Sot*! 
ronndingi in Macular Disease resulting from Orbital TnnunJ 
— ^The apecimeii was taken from the eyeball shown in Fig. 54, e 
after enucleatioo. The yellowish-red patch with slightly p' 
mented borders seen in that figure U represented in the tra 
verse section by a separation of the pigment-epithelium in tht 
region of the fovea centralis, where the epithelium ia withon 
pigment in places or is altogether wanting. The conea h~ 
corresponding nuclei are also wanting in considerable an 
The nerve-fiber and ganglion-cell layers also show a marked 
alteration. In the ganglion-cell layer the diminution of l'^ 
cells and vacuole-formation at once become apparent ( 
Pig. 14, c, of the normal macula, which is represented und( 
the same power). The choroid does not show any mark* 
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Magnified 30 times. 

Flo. 50. b and c. Transverse Sections throngh the Betini 
in Thromboiis of the Vena Centralis Betinte (i-f. Fig. 33, h)M 
— Section b corresponds to the neighborhood of the papilla;^ 
section c, to an area somewhat more remote. Hence we seg 
in & a larger and more engorged retinal vein (Ret. V.), whild 
e shows a greater number of small vessels more or lea 
engorged by the dammiug back of the blood. In additioi 
there are numerous hemorrhages of varving sizes BcatterM 
throughout the entire preparation. In c many vacuoles ani 
fisBurea appear in the tissue which must be referred to edemr 

1, Nerve-fiber and ganglion-cell layer; 3, inner nuclei 
layer ; 4, internuclear (outer reticular) layer ; 5, outer n ' 
layer ; 6, layer of rods and cones. 

Sections o and o magnified 90 times. 
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Fia. 61. OpBcity of the Betina dne to a Blow on the Eye ; 
Berlin's Opacity; Commotio Betinse (direct method, reduwd). 
— This form of <)pai:ity oi' llie miiia, which is often obeerved 
After external viult-ii<;e tu ihe eyti by a blunt instrument, was 
first described and studied by Berlin. The cbangea sdod pOM 
off, so that they are best seen ioiniediately after the receipt of 
the injury. The opacity is often produced by a blow with a 
fiat or stick, by strikiog the eye forcibly a^aiost a hard object, 
a blow from a stone or snowball, etc. A milkish white opacity 
is ofl«n seen in two separate portions of the retina, one at the 
place where the eye was struck and another more or leas 
extensive area in the region of the macula lutea. The former 
is, as a rule, more extensive, more marked, and more per- 
sistent, while tbat in the macular region is less intense and 
disappears more rapidly. The macula and visual power 
remam intacL The opacity Bt the periphery does not, as a 
rule, obscure the retinal vessels. The condition has undoubt- 
edly often been mistaken for separation of the retina. The 
nature of the opacity is not as yet well understood. The prea- 
eut picture was taken a few hours after the patient had Deen 
hit in the eye with a snowball. 



FiQ. 52. Opacity of the Retina due to a Blow on the Eye; 
Berlin's Opacity ; Commotio Retins. — In thi^ ouse tlm coiitu- 
HioD waa iiiucli niuru ^vere. the eye Imvin^ been struck by ■ 
large piece of iroD ; the retinal opacity is, accordingly, i 
marked, and there are eveu a tew small hemorrhages in tl 
opaque area which correspouds to the site of the direct i 
jury (the upper border of the picture, heiu-e the lower portioq3 
of the retina). The abnormal appeamui-es all disappeared in] 
a few days, the ojiacity in the macular region first, a 
afterward that in llie lower part of the retina. TIiIb traumatiq.^ 
opacity IB readily dtstinguisned from separation of the retinK 
Aside from the fact that a very recent detaehmeDt of f 
retina is usually more transparent instead of milky white, tbo3 
course of the vessels in committio retinai is not affected ; tiienl 
is no parallactic dislocation or marked degree of hyper-] 
metropia. Besides, the folds of a retinal detachment i ~~ 
wanting. 

It is interesting to note that in the^e cases there is Bometimea 
found at the center of the fovea an isolated, more or lees welKl 
marked pale spot, distiuetly tjeparated from the remainder of T 
the macular opacity. This is probably not caused by opatutrl 
of the retina because the niembrunu in exceedingly thin at iboC^ 
point ; it Is probable that its substratum is situated behin^ 
the floor of the central fovea, perha[)S in the pigmentary ej^fl 
thelium, perhaps between the latter and the layer of kku HiXta 
cooes. The phenomena ia also transitory. 



Fig, 53. Disease of the lltaciila Lntea dne to tbe Preience 
of ft Foreign Body in the Vitreous, — Such is the setisitivenesa 
of the macula lutea thitt evcu aaeptic boUita that have peu&- 
trated into tlie deeper layers of the e_ve oit«u produce, aftar 
s short time, an isolated disease of this jwrtion of the retina 
without directly injuring; the macula. Fig. 53 shows four 
examples of thi? kind: The small grayish white spots at the 
center of the macula aeen in a wore produced by a particle 
of a copper shell, which remained five days in the vilreoua 
body. The 8|K)ts diwippeared completely after the splinter 
was removed, and two and a half months later visiun was 
entirely restored, 

b shows a yellow disoolorntion of the macular region a year 
after a particle of copijer (from a cap) entered the anterior 
portion of the eye. The foreign body was not removed and 

{iroduced the changes shown in Fig. 74, which represents a 
ater stage. Eventually the discoloration decrcas^, and at 
the present time of writing, seventeen years aft«r the injury 
waa Buatained, vision is still i. This, however, is an excep- 
tional ease. 

The round grayish spot shown in c waa produced by a ateel 
splinter that remaioed in the retina twenty hours. The 
splinter which is shown in Fig. 55, a, was drawn back into 
the anterior portion of the eye by means of a large magnet 
and thus removed. The center of the macula at first shuwed 
a yellowish pigmentation which was gradually replaced by 
the dark spot seen in the picture, painted three months after 
the injury was sustained. As a consequence, vision waa re- 
duced to -j^, the condition of the ej'e in other respects not 
I being impaired. 

The delicate pigmentation shown in d is owing to the pres- 
tDce of an iron splinter from a hook in the vitreous, which 
I remained a week and was then removed by means of a small 
f nagnet. Vision was reduced to ^. 



S fc-a ? 3 a Q £ « arjs 3 9 " 



Sill si « i 



a ri 



ir-^ Ell hirs-it- -s 5 
PJI^i It-iiill |- s 






iSf-E 



iL£.a 2 E-o la g Jg 



■g * 



a. i- 

° ""lit • -S ° § s■^^ " -3 I 

^Is'i^i J.ij33s.-| "^1 



1s5 Jls 



S&f.&Jl-.|S^^|l'.-af- 



■■■S 


^1 


f-l.r='|li|P PfiSrI 

f Js.|?i£^iii!,^«i-| 


.' ■2t^§^lS■ll^ig:i■sS 


'ig|ir5|rifr|i|iif - 




'HiHmmmtH 









Fiti. 56. Air-bubble in the Tipper Portion of tbe Vitre- 
ous due to the eDtraoce of ild iruD splinier (direct method, 
reduced). — The accident occurred shortly before tbe picture 
WHS made, while the patient vrea working with iruD, and the 
splinter b«(.'atne embedded in the lower part of the retina. 
Its entrance was followed by the fornmtioD of an air-bubbls | 
whicii disappeared after a few hours. These air-bubbleB 
always disappear very rapidly, so that they can only be s 
immediately after the injury. Several air-bubbles of this kind | 
ina^ be found in the vitreoua body after the entrance of a ^ 
splinter. Hence air in tbe vitreoua 18 an important diagnostic ' 
point, indicating a foreign body in the eyetmll. Occasionally, 
although rarely, the mere injury of the eye by a snlinter 
may, without its remaining in the eye, be followed by the 
entrance of air into the vitreous, so that the finding oi such 
an air-bubble does not positively indicate the presence of a 
splinter in the eye. 

Air-bubbles in the vitreous look like air-bubbles in a . 
microscopic section. 

In this case the splinter was ininicdiately removed by < 
means of the author's large tuagnet, whereupun the wound i 
rapidly healed and vision was completely restored. i 

For further details about my method of o|)eratLng with the 1 
magnet, the reader is referred to Haab'e AUas and Epkvmi of T 
Operaiive OpWialmohgy. 
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Fig. 57. Old Injury of the Retina by an Iron Splinter. — 

"In the two casts shown in tlie fure^oing figure, the foreign 
bodies had heeii ooly a short time in the retina and either 
lay apparent on the surface or were embedded within the 
membrane ; the present figure shows two cases in which the 
splinters had penetrated toe eye some time before and now 
preeeot a somewhat different picture. The foreign bodies are 
nere covered by a whitieh exudate, the black color of the 
metal showing only in two places in a. In the latter the 
splinter, which had been almost two mouths in the retina, 
produced a characteristic alteration in the immediate neigh- 
borhood. The pigment-epithelium has in part disappeared 
and the splinter is surrounded by a light colored areola in 
which a tew choroidal vessels are seen. This areola also 
shows an irregular pigmentation, which becomes more intense 
near the foreign body. In the adjacent region there are three 
small choroiditic foci, light in color, with ill-defined edges, 
and surrounded by irregular pigmentation. 

In b there are no changes in the immediate surrounding 
of the splinter, although at the time the picture was made 
the splinter had been in the retina six weelis. (Fur further 

I details concerning this case, see Hiirzeler, loc. cit., B, case 4.) 
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rFio. 58, a. Point of Impact 
a foreign body with a high degrt 
a splinter fr»m a hoe enters the 
against the eye-ground rebound in 
for. Sometimes the foreign bodv 1 
In such cases it becomes very iiiip 
the eye-ground, in order to deterii 
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^m Fin. 58, b. Retinal Bonds dn. 
^m tuBion of the eye producing a scle 
^H ol Ihe lens and marked hemorrhn 
^M the_ blood had disappeared, showe 
^H optic nerve, and for the most pan 
^m optic nerve. No retinal detachme 
H tfiat the white bands or cords we. 
^m of the retina (cf. Banholzer. Arch. 



Fifl. 59. Retiaal Detachmflnt in the Temporal Fortion t 
the Eye-^ound. — Aitliougli the injury iaone of about twelvl 
weeks' stauiling, it iiiiiy bi; c-alled u recent injury, i 
is not aa yet any marked degree of opacity or nriuklin 
of the retina. The picture of the retinal detachment ehoi 
one importaut phenonteiiou, namely, the absence of the C 
roidal striations iu the detached area, the striattoQS betni 
obscured by the slight opacity of the retiua, as also by th< 
subretinal fluid. Id the marginal zone of the macula, wher 
the retiua la thickest, the opacity is most marked, so that th^l 
central depresaiou, which is the thinnest portion, appears moti 
bright red by contrast; on the other hand, the red coltHi 
of the choroid shines through more distinctly than in oth 
kinds of macular opacities, because the retina is thin in t 
region of the fovea on account of the atrophy of its elemeatft 
Occasionally, after the retinal detachment has lasted for « 
time, an actual perforation may even be observed in the centc^f 
of the fovea. J 

The detachment, which in this case occupies the tempoTllfl 
quadrant of the eye-ground, is quite superficial — that is tfl 
say, not very far removed frrtm the choroid. In the maculu 
region there is an hypermctropia of 4.0 D ; toward the perip] 
ery the hypermetropia is 7 to 8.0 D, while at the papdla th 
eye is emmetropic. Vision is reduced to power of countil 
the fingers at a distance of 3 meters. 
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Fia. 60. Retinal Bands and Retinal Detachment after a 
Fnnctured Wound of the Eye.— Four year,-* iifk-r &a insig- 
nificant injury of the eye from u sliurh [liecc of tin, which Imd 
pierced the sclera to the temporal side of the cuniea, vision 
Degan to deteriorate. Ah the picture shows, tliere was a 
grayiBh-white exudate, spherical in shape, in tlie outer and 
upper portion between the corneal border and the equator, 
projecting: some distance into the vitreous, eeeu in the picture 
at the left lower border. Below this exudate, which occu- 
pied the site of ihe puncture (and touching it above in the 
picture), the retina was detached, and this detAchmeut ex- 
tends some distance along the upper bor<ler. Wherever the 
retina is detached the color is paler, and we see folds and 
irregular tortuous vesaels eoinewhat darker in color than the 
other vessels iu the picture. Between the detachment (in 
the lower portion of the eye) and the exudate are a number 
of white bands or lines, some of which anastomose, although 
in the main they run in the same general direction. In the 
portion occupied by the^ lines there is no retinal detachment. 
I am unable to determine whether these bands are of the 
game character us those shown in Fig, 58, 6. For weeks they 
showed no change. The macular region presented abnor- 
mally heavy, somewhat irregular pigmentation. The retinal 
detachment is likely to increase as time goes on. 



Fig. 61. Betinal Detachment at the Inner Upper uid 1 
Inner Lower Portion of the Bight Eye (iudirect method),— i 
At the inner up})er pnrtiuu there is a slight tear in the I 
detachment through which the red color of the choroid i 
seen. Toward the na^al side there Ib a. strip of retina that 1 
has not yet heconie detached. Above and below this strip ] 
the detachment is qui[e marked (the detachment became even ', 
greater later on, in spite of treatment). 

In this case the detachment which had existed for thn 
monthii appeared ({uite suddenly. Botli eyes had been openj 
ated on thirty-five years before for lamellar or congeniUL 
cataract; in ihe left eye the pupil was cloudy, but the righ^ 
eye had fairly pood vision up to the pi-eseut time in spite ofd 
the aphakia. From the presence of a fine band in the RDtsya 
rior portion uf the vitreous, which otherwise is quite cleoC'T 
it may be suspected that an injury of the vitreuuij with pTD>1 
lapse occurred at the time nf the operation. J 

This case shows excellently the great danger of injury 3 
of the vitreous, and that the retinal detachment which it 1 
produces may, under certain circumstances, be greatly delayed 1 
— in this case thirty-five years. 
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Fig. 62. Retinal Detachment (Solntio Retinn') with 
Laceration. — It is not uncommon to liiid in retinal detach- 
ments a tear or liule of varying size and Bhajie in Ibe detached 
Krtion of the retina. The o{>eiiiug is (|uite often eurrouuded 
a shred of the meiiibraoe of a corresponding outline, which 
appears to have been torn out, and then reflected or puckered. 
In the present case the tongue-shaped portion of retina ex- 
tending from the lower margin of the picture toward the red, 
appnisimately quadrangular opening, in tlic detached portion 
of which it forms the lower border, was probiihly torn out of 
the detachment, and thus produced the opening. According 
to Leber, the vitreous as it shrinks strips the retina from the 
pigment-epithelium and occasionally produee« an opening cor- 
regpondii^ to a spot where it is more firmly attached to the 
retina. Through the opening, the edges of which are some- 
what reflected, we see the choroid with ite vascular striation, 
which is very pronounced above, where the retina is normal and 
transparent. Toward the lefl in the picture the detachment 
is beginning to aprettd. At this point it is <\mte superficial. 
The optic nerve is invisihle, being behind the retinal detach- 
ment. 
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Fig. 63. Hemorrhagic Betinitis of Pregnancy. — In spite 
of the presence of the stellate figure in the macular region,' 
no albumin was found in repeated examinations of the urine. 
After the woman's delivery at term, the disease, which affected 
the left eye, subsided spontaneously within three weeks. The 
entire mass of hemorrhaL^es and white degenerated patches 
seen in the picture disappeared completely, although the 
woman was extremely anemic both before and after her 
delivery. Vision also was completely restored. The right 
eve was not aflected. It mav be that we have to deal with 
an incomplete thrt)ml)osis of the central vein, which only 
partially occluded the lumen of the vessel. 






A < 



Fm. 64. Retinitis Circin&ta (recently described and named 
" ' ), Been in the right eye of an otherwise healthy man 
ven years of age, whose other eye was normal. — 
Lmiinber of isolated and coalescent, glistening white patches, 
sely resembling in color those seen in albuminuric retinitis 
d diabetes, are grouped about the macula in the form of an 
ol. At the broadest jiortioti of this girdle surrounding the 
tcula are a tiurolier of isolated whitish patches and dots, 
e of which resemble crystals. Here and there within or 
mang the white patches are enmll round hemorrhogee. The 
'kite patches are traversed by the retinal vesseJs, whicli 
luaally do not show any changes in the ophthalmoscopic 
lee in this disease. 

Hie macular region is slightly opatjue and the foveal reflex 
' sent. As vision is only one-iillieth, it may be assumed 
t marked signs of macular disease would otherwise appear 
in the microscopic image. A little to one side of the center 
of the fovea are a few pale patches and one dark spot which 
occupies the pigment-epithelium. In other eases marked 
changes were observed in the macular region, consisting of 
yellowish -gray or yellow, irreguliir, washed-out patcliec. 

The rest of the eye-ground is normal. At tne temporal 
border of the papilla there is a narrow sickle, although there 
is no myopia. 
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Fm. 65. Changes in the Eye^round in Lenkemia. — The 

case is one of spleuomedullary leukemia with c-normous 
splenic enlargement in a young patient of I'rof. Eiclihorat. 
The disease began about a year and a half ago. The 
patient does not as yet complain of any visual impairment. 
Although the number of leukocytes is greatly augmented, 
the eye-ground is not paler than normal ; in fad. there 
are at tlie j)eriphery a number of darker patches due to 
increased pigmentution. The most e<jnspicuous feature b 
that the arteriea and veins uf the retina have the same color- 
ing, the veins being only recognized by their tortuosity, which 
is escesaive, and their increased diameter. The color of the 
retinal vessels is almost white, this being due in part, no 
doubt, to the pale color of the blood, but more particularly 
to changes in the vessel-walls, especially at the periphery, 
where we observe minute light and dark dots and a few 
larger pale patches ; also two hemorrhages with pale centera. 
Round the optic nerve and the macula the retina is slightly 
opaque. Tbe papilla is cluudy and paler than normal and 
its outlines are olracured. The changes are about equally 
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lib. 66. Glioma of the Retina. — The picture was taken 

r from a boy two aud a half years of age, who came to me 
with advanced gliomatous proliferation in the left eye. A 
careful examiuatioD of the riglit eye revealed in the nasal 
portion of the eye-grouDd a Buiall glioma, appearing as an 
oval grayish nodule with a roumJed though fjomewhat irreg- 
ular surface. The growth was sharply outlined and the 
surrounding tissuea showed no clianges. 'ITie rest of the eye- 
ground was ijuite normal, the pigmentation is not marked, 
and tlie choroidal vessels are plainly seen. Although this 
nodule grew very slowly, the neoplasm in the other eye prob- 
ably spread to the brain, so Ihst death ensued at the age of 
three and a half yeara. 



Fro. 67. a, explains the ophthalmoscopic picture of th^ 
Setlaa in Femicions Anemia portrayed in Fig. 31. — T*- 
figure shdwa a xmall portion uf the retina in traDBverse h 
tion containing the heraorrhagee colored a bright red i ' 
eoein, especially in the anterior layers of the retina. T 
are especially iilentiful rounj the blood-vessel V, where thei^ 
is also a sligjit iiemurrliage iu the interuuclear (outer reticulftTfl 
layer. 

Magnified 90 times. 

Fio. 67, 6. Small Inflammatory Pocas in Diueminato 
Choroiditii (Buperficial view). — The choroidiil veeseia seen IqI 
Fig. 70 do not npitenr in this picture. On the other handj 
owing to the high power, the variegated form of the pigment^ 
cells of the choroid and the uuclei of the cells which c 
the infiltrate can be made out. The picture was take 
a thin longitudinal section of the choroid. 

Magnified 112 times. 
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DISEASES OF THE CHOROID. 

(Figs. 6S-)SG.) 

Fio. 68. Becent Disseminated Choroiditis.— Iiiflamraatory 
foci in the choroid are recognized in the main by the fact 
that they are traversed by the retinal veasets. In the early 
stages they appear either vello wish -white or grayish-white 
with Ut-deBriea outlines. The conditioD is soon complicated 
by changes in the pigment aud the ranrgina of the foci 
become dark, or else the center appears more deeply colored. 
!d addition to the pale foci there niuy be a grt;uter or lesser 
number of darkly pigmented patches which may have any 
shape. lu the case before us we have to deal with the common 
variety where the foci in the chori'id are circular in outliae. 
These patches may coalesce and thus litrm oblong and irreg- 
ular patches. With the escepti<m of a few at the upper 
border of the figure, which already show a dark border, alt 
the foci in this case are recent, as we see by the haziness of 
the outlines and the yellowish gray or yellowish-red color. 
The nasal half of the optic nerve is somewhat reddened and 
the veins of the retina are slightly more engorged than usual. 
Foci of this kind, as a rule, tt'nd to become converted into 
white patches, owing to atrophy of the choroid, which allows 
the sclera to shine through. Proliferation of the pigment, 
as a rule, is superadded, aa we see in the upper portion of the 
picture and especially in the next figure. 

The inflammation is due tu accumulations of round cells, 
the surface view of which is shown in Figs. 67, b, and 70, and 
a transverse view in Fig. 79, <i. The latter figure alsci shows, 
in addition, the subsequent anatomic changes that occur iu 
this form of inflammation. 
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Fig. 70. Areas of Infiltration (J, J, J,) in the Choroid 
in DisBeminated Choroiditis, seen IVom above, so that the 
choroidal veiwela (yellow) a|i[)enr as in tlie ophllialmoscopio 
image, although nmguified 78 limes. — The stroma of the 
choroid between the patehes is darkly pigmented (pigmented 
intervascular spaces). While, under normal conditions, com- 
paratively few cell-nui'lei arc found in the vessels in these 
portions of the tiseue, we find thick aceunnilations of them 
in this figure {J, J. J,) stained violet with hematoxylin. 
At the center of the section such an accumulation is seen 
around the blood-veBsel. The inflammatory area at Ji, 
boundetl by a straight line, is obscured on the rij^ht by a 
small portion of retinal pigment-epithelium that adhered to 
the preparation, showing that an area of inflammation in the 
choroid may, under certain conditions, remain invisible behind 
the retinal pigment-epithelium, and become apparent only 
fttler it has reached a certain size or has existed for some 
time, and has caused the disappearance of this epithelium. 
If, however, the pigmentation of the epithelium is slighl, an 
area of this kind will be seen earlier in the ophthalmoscopic 
image and appear gray or yellowish-gray. It may also happen 
that the pigment of the chomid itself obscures small areas 
of this kind, so that they arc nearly or quite invisible, as is 
the case in certain portions of the present picture. 

Magnified 76 times. 
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FiQ. 72, a. Hyaline Bodies (Drtuen) in the Vitreom Layer 
of the Choroid. — The patieut, a ivoniau aixty-oue years of 
age, had the name condition in the eye-ground of the other 
eye, although vision was uurmal on both sides. The patches 
are recognized as druaen of the vitreous layer by their position 
behind the retinal vessels, their yellowish- white, somewhat 
shining color, and their somewhat circular outline. They are 
usually found in tiie neighborhood of the papilla. The 
anatomic appearance of theae structures is shown in Fig. 82, a. 

Flo. 72, 6. Senile Pigmentation of the Betina. — The pict^ 
ure was taken from a man seventy-six years old, who, like 
many persona of advanced age, showed pigmentation at the 
periphery of the retina in both eyes. The pigmented patches 
ftppear in Ihe form of fine dots irregularly distributed or in 
the fomi uf lines frequently forming more or less distinct 
pentagons and hexagons. I have seen tliese peculiar figures 
m other similar cases. The visual field in thia man was 
normal as reganis the external borders, though there was 
some contractii)n ()f the coIor-fieW. There was no nyctalopia. 
Visual acuity was impaired by beginning cataract. It may, 
however, be f\aite good in spite of the retinal pigmentation, 
as the central portion of the retina usually escapes. 

It is not uncommon to find drusen of the vitreous layer 
in combination with this form of retinal disease. 

The pentagonal and hexagonal figures may possibly be ei- 

Slained by assuming that each figure contained within the 
ark dotted lines corresponds to a vascular or lymphatic 
nutritional region belonging to the retina or choroid, although 
this reijuires verification by more accurate anatomic study. 

This senile pigmentation more frequently appears in the 
form of irregular figures and patches, as shown in the upper 
right-hand portion of the picture. 
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Via. 74. Chronic DiaHeminated Choroiditis and Secondary 
Pigmentation of the Betina due to the Presence in the Eye 
of a Particle of a Metal Cap (direct method).— While the 
child was pounding metal caps a small piece of copper pene- 
trated the sclera of the right eye, close to the inner corneal 
margin, and became surrounded hy an exudate in the form 
of a grayish-white hemispheric nioes (like the one seen in 
Fig. 60), projecting outward and downward in front of the 
equator into the anterior portion of the vitreous. In the 
neighborhood of the exudate a retinal detachment occurred 
which later disappeared. Then the exudate surrounding the 
foreign body became diniiiiiah<^d in size. For a long time, 
howeyer, a linear patch of exudate was seen passing through 
the vitreous toward the optic nerve. The exudate itself and 
the linear patch are seen in the lower right-hand portion of 
the picture, which was made a year and a half after the 
injury. In the meantime a number of patches, ranging in 
color from yellowish-red to black, appeared over the entire 
visible portion of the eve-ground, especially in the inner lower' 
quadrant Immediately atler the receipt of the injury a slight 
optic neuritis, and later a macular disease in the form of 
minute dotting (shown in Fig. 53, 6), made their appearance. 
At the time the picture was taken the optic nerve had some- 
what regained its normal condition, but the macula still showed 
marked changes, especially the dotting at the periphery. The 
pigment-patches resemble those seen in pigmentary degenera- 
tion of the retina, and probably lie for the most part within 
that membrane. 

During the twentjf years following the Injury the pigmenta- 
tion of the retina mcreascd considerably, especially at the 
periphery. Vision is still i. 

This pigmentary degeneration is also shown in Fig. 46, a, 
which was taken from a similar case. 
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Fio. 75. Hiliary TnberoleB in the Choroid in Acute KiU") 
ary Tnbercnlosis, aD appcarnnco not rarely Been in tli 
disease shortly before death. — The circular patelies, Bome i 
whieh tend to coalesce, are not sharply deliued and, whi 
they are small aud still partiuJIy covered by pigmei; 
epithelium, show gradations in color from p^rayish -white 
yellowish-white and, finally, yellowiab-red. The larger 
ules occasionally project somewhat and force the re 
outward, so that tliey impart a corresponding beud to 
retinal vessel that may pass over them. Miliary tube; 
are often difficult to distiuguish from the lesions of 
inated choroiditis, as, for instance, the form shown in Fig. 

The anatomic features of this disease of the choroid 
more fully shown in the transverse sections of Fig. 82, 
and c. 



Fig. 76. Cbronic Tubercnlosis of the Choroid (direct 
method). — The tuberculous proliftratinn, consisting of a great 
number of closely aggregated tulwrcle-uoiiules — so-culled 
conglobate tubercles — forma u slitwly growing tumor which, 
even with the ophthalmoecope, is seen to be composed of 
grayiah-red nodules. The tuoior lies at the upper portion 
near the periphery ; ita anterior border cannot be seen with 
the ophthalmoscope, while its posterior border is surrounded 
by an irregular and ill-defined pale border of choroid which 
is of some diagnostic im|iortance, as it shows intlunimation 
and corresponding loosening of the pigment. In addition, 
a number of small disseminated white and yellow clioroiditio 
spots are seen near the edge of the border, giving one the 
distinct imprifssiou that the tumor is setting up indammatiun 
in its immediate neighborhood, a phenomenon which is con- 
stantly observed in tuberculous proliferations and distinguishes 
them Irom sarcoma, for instance. We also see that the optic 
nerve is inflamed, that is to say, reddened, and not sharply 
outlined, although this may be due to the fact that the dot 
was auH'ering from a complication of conglobate tubercles and 
miliary tubercuIoBis of the brain. (This case, in which my 
teacher [Horner] for the first time diagnosed congli>bate 
tubercles of the choroid in man with the ophthaimoecope, 
I have described more in detail, both clinically and anatom- 
ically, in Grafe's Arohiv, vol. xxv.). 



Fig, 77. SarcomB oFIhe Charold.—Thr munrl, hliiish-gray tumor witb 
a, Bomewhat mottltd surrnte, B*etl in the left half of the pici -— j-^-» 
Into tbo vltreoua frum the reglun af tfae equator and ohscured one-ba^ 
of the optic nerve. Id eiaminiuR by tbe direct roelbntl. if Ibc suigeoaj 
mnvea liis head U> nnd fro, liu will we the edge of the tumor beliiBpr-*-'* 
over toward tbe oplic nerve, ehawinj! that the edge of the ucu|ilasm doa^H 
Dot lie upon the optic nerve, but at some dialance Id front of It, 
ipuDdliig to the curve of the roundiiJi nodule. The neoplftam ia gov* 
by the mtina, as we see by tbo veaaeU whleh traverxe '" "" 
of tbe vessels ditTeni somewhat from that in the normal nitiuft, beins^ 
■llghll; more tortuous. The sarcumatous nature uf the tumor U mwB'' 
niwd by the dark color of the entire muss and the someirbat MvtM. 
mottliiiK of the aurHux. A simple detachment uf the ratina would 
soot folds. At the lower border of the picture there ia '. ,'_ . 
detttchment such aa frequently accompanieit tumors of thiH kind, 
rest of the eye-ground Is norinul. In both this and tbe fuIlowtnK 
we have to diisl with a piginenti^d sarcouia. 

Fig, 83 ebowa the auHtoniic relations of this important form of 
which must be diFferen listed from cbroiiio tubercuhir proliferatioD (i 
remarks accompanyiuii Fig. 76) and from glioma of the retina. ~ 
latter tumor ia rarely seen with tbe ophthatmuiicope (see Fig. 61, b), 
bu no pigment and its surliice frequently presents hemurrhftgei. 
occurs only in youthful individunia, while sarcoma of the choroid, 
the other hand, is rarely seen before tbe twelfth year, 

A (moderately pigmented) choroidal sanwma may be simulated b^ 
invagination uf the globe by a tnmor growiug on tbe outside. Thia mt^F' 
occur when (be tumor presses upon tbe side of the eyeball, and ''~~, 
gradually causes tbe wall lo bulfce in the equaturiul region, wiOuMlt', 
penelraCiug into the ioleriur of the eyeball, I have known tbia M 
happen in two cases of carcinoma in the anterior portion of th« DiliiV. 
originating frum the upper Jaw and tbe cavity of thr 

li^nBlly. sarcoma must be differentiated from the so-called pi 
iHRwri which probHhly nrlginale in the retina and prodi 
spherical prominences in (be anterior portion of tbe bulb. They 
probably due lu cyats produced by senile degeneration of the retinB, 
they not infrequently disappear in a short time without Icavini 
They are UBUaily «eon by direct Inspection or 
^ dilated, by lateral iilumioation. 
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Fig. 78. Sarcoma of the Choroid. — In this case the pig- 
mented mass is considerably larger than in the previous one. 
The tumor is hemispheric and the posterior border nearest 
the optic nerve is not seen, because it is obscured by the 
overhanging portion of the neoplasm. Hence the retinal 
vessels disap])car for a time and reappear again on the surface 
of the tumor, where their course is irregular. The pigmenta- 
tion of this tumor is a little less intense, and it therefore appears 
paler than the one in the preceding figure. 



FIG.T9, 4. Beoent DlBMmlnatsd OboiDldlUa.— The nreaaaf Infilttatit 



[JJj Been here ii 



I, instead or Trnr 



Fia. 7iJ, 6. T^ter Blage of th< 
is to Bay, has already UQilcrgcin 
■ with a ■ 



itci 



ruida.1 fi 



e partially filled with bloc 
m tb« retina is inTolved, tl, 
-tissue dcgeDeiHtlon whweH 
UN, and thus beuomee inTi>lT«da 



Ibe disva^. In pliKes (lie retina in reduced to a mere connective-ti 

membmne intu whicli the pigment Trom the pigmeDt-epithoUitin Is be 

nlng to penetrate. Tbe hitter is entEatted in pniUreratioD ; . 

ceils haVD lo<rt thi^ir pigment and in ninie places the epi 

entirely disappeared. Underneath, thruu){hoiit the entire 

the TitreoUB layer uf the churuid (X. c.) is seen. In tbe uhoroid'we b(. ._ 

Tew blood-vessels HUed with blood, in transverse and longitudinal gea- 

tion. On the whole, however, the growth of tounective ti«iie and gc»r- 

tiSBoe is indicated by the bet that the vesaels and the pittment are leaa 

prominent in certain places. The round-celled inHltration at J is tbe 

result of an cxacerliatiou in the tnOaniniatory process. Id m 

the retina and choroid are evidently adberent; tbe open spacf 

these adhesions, which were in pnrt filled wilb eiudiite and p 

have, for the most part, lost tbeir Gonteuts in tbe pntpantion 

FiO. 70, e. In this preparation we do not see any recent inlla 

inflltrations. Tbe retina and choroid are thinned, closely adherent, 
rednced tu mere cicatricial tisauo. In places tlie pigmeut-epltheU 
has undergone maAcd prollfemllon and pnycetB into tbe retita ' 
ary dc^nemtinn of the retina, cf. FiR. 43). In other places tbe . _ 
epithelium is altogether waiitiuK- In the choroid almost ali tlie vi 
bavc disappeared and tbe pigment in present only in places. WhereW, 
the pigment and tbe pigmeut-cpithelium overlying it are wanting (M 
for Instance, at the left extremity of the figure), the scler 
through and thus forms the white spots characteristic of disaeminaUi 
choroiditis, while tho aceumulalinns of pigment {F) prodnce tlie bW' 
spots seen in the ophthalruoscopie image. 

The tlireo figures are magniSed 7IJ times. 
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Fta. 80. Chftoges in the Choroid due to Violent Contu- 
sion of the Eye ; Lacerations of the Choroid— The eye was 
severely coiitii.seil hy llic pajmr wjuJiUng tVoni a blauk cartritige, 
AA«r the blood which hud been poured out trito the aDtenur 
chamber and into the vitreous disappeared, a large area to 
the nasal and lower side of the optic uerve and half of the 
nerve itself were seen to be covered by a whitish nieiubrane, 
evidently consisting of connective tissue, completely obscuring 
the retina! vessels and the borders of the optic nerve, as shown 
in the figure. The outline of this membrane consists of a 
aeries of bizarre curves and in places is edged with black. 
To the nasal side there are five variously sized linear lacera- 
tions in tlie choroid, characteristically arranged in concentric 
curves parallel with the equator, their white color being due 
to the tact that the sclera shows through the tears in the 
choroid. They are sharply outlined utid in places slightly 
edged with black. The retinal vessels (Xintinue their course 
over the lacerations without interruption. The area between 
the optic nerve and the macula is finely dotted. The rest of 
the eye-ground is normal. 



Fig. 81. SolerOBis of the Choroidal Vessels; Disseminated J 
Choioiditis and Secondary Pigmentation of the Ketina. — 1 
This figure Is taken from an unusually well-developed casa,! 
though we not infrequently see much leas pronounced ex-J 
amples in which the altera.tians arc confined to A smaQJ 
portion of the eye-ground. The must important featuresl 
of the disease are the arterioeclerosis of the choroidal TeasT*" 
and the atrophy of tlie retinal pigment, so that the chore 
becomes very distiti(!t nod the choroidal vessels, the Wftl 
of which become white and opaque, appear almost whitfi C 
a dark background, instead of presenting the usual appe~ 
ance of a red vascular plexus. These changes in the bloi 
vessels are most marked at the anterior pole around the opl 
nerve and gradually decrease toward the periphery. On t] 
outskirts of the area of greatest arteriosclerosis are a ft. _. 
white atrophic patches in the choroid, some of them with It 
pigmented border. We also see in this zone a few angubt 
patches, consisting only of pigment, which are probably ffltd 
atcd in the retina, "fhe retina is not diseased and the m " 
of its vesaela show no changes. 

The experiments of Wagenmano have shown that disturt 
ance of the nutrition of the choroid is followed alao ] 
atrophy and secondary pigmentation of the retina. 




Fio. 82. a. Hyaline Bodies (Dmaen) of the Titreoiu Laytr 
(cf. Fig. 72). — The hyaline structures, stained viiilet with 
hematoxylin, are eeeu upon llie vitreous layer aurroundetl for 
the moBt part by the I'ells of the pigment-epithelium. The 
choroid is uoruial. The retina iu this case was detached and 
is, therefore, not seen in the figure. 

FiQ. 82, b. Miliary Tnberole of the Choroid (cf. Fig. 75). 
— As the section is near the e<]uator and parallel to it, 
most of the choroidal vessels appear in transverse section. 
At the center of the tubercle there are a few giant-cells, 
The retina is not shown in the drawing. In mounting the 
preparation the choroid became separated from the sclera 
and the interval is in part filled with the layers of the 
BUprachornidea. 

The patient died of miliary tuberculosis. 

Fii:!. ft'2, c. large Tubercular Growth in the Choroid oom- 
poaed of Several Nodnlea : V, transverse section of a choroidal 
vessel ; K, caseous portion of the tubercle ; R.R., giant-cella. 

The three figures appear magnified 30 times. 



Fig. 83. Meridional Sections fhrongh Eyes with Choroidal 
Sarcoma, stained with hematoxylin and eosin (life-size).— 
In a there is between the retina and the tumor a layer of 
amorphous exudate similar to the exudate beneath the rest 
of the retina which is detached. 

In b the tumor, except for its posterior portion, is covered 
by the retina ; while in c the retina invests the entire surface 
of the tumor. 

In none of the three cases did the tumor break through 
the sclera. 

In d is shown the microscopic structure of a pigmented 
sarcoma of the choroid, which is seen to be composed princi- 
pally of 8pin(ile-sha[>ed cells containing more or less pigment^ 
though in places the pigment is entirely absent. 

Magnified 112 times. 
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FiQ. 85. True Staphyloma in a Highly Myopic Bye (fii 
described by Weise).— Wliile the pule atrophic " sickles" orl 
" menisci " at the tt-mporal border of the papilla or ihe ar^M 
cular atrophy of the choroid around the papilla when mod-¥ 
erately large, practically never, aud when quite large veiy I 
rarely, show any Btaphyloniatous bulging, and therefore havflkl 
uu just claim to this obsolete designation, this is not the case i 
in a true stanhyloma, euch as we have represented here, 
which is usually met with only in high grades of myopia 
(above 20 Dj and is accordingly uncommon. 

Id this case we see, especially to the nasal side of the 
papilla, the distinct border of an excavation, and the blood- 
vessels as they pass over it are deflected. The edge of the 
excavation is recognized either by a more or less marked 
shadow or by a more or less distinct gray line running aloiu 
the summit. Tiie curve varies considerably in size, that ) 
t« say, it may form a greater or larger segment of a circle 9 
of un oval. Occasionally the edge of the etaphyloraa IB dS 
cular and surrounds the entire posterior pole, hut even | 
such cases it is alwaya most pronounced to the nasal dde^ 
the optic nerve. The edge of the staphyloma is best a"" 
by parallactic dislocation, even when it is difficult to s 
with the ophthalmoscope. 

Fig. 65 shows, in addition, three atrophic sickles near tl 
papilla over which the vessels pass without undergoing deflec 
tion. We also note that the course of the retinal veasels i| 
characteristic of a high degree of myopia : the main tninl 
instead of passing upward and downward, extend more to tl 
temporal side. The posterior pole (macula and surroundingiBd 
shows a decrease and loosening of the pigmentation, which il 
also characteristic of a high degree of myopia, 
patient I removed the myopia of 30 D by an operation (disj 
oiasion of the lens), and the eye became almost emmetropr^ 
with good vision. 
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paring two eyes U> ealinaate a. 



» few centimeters 



ill the width of the two pupile, it would seem to be t 
adopt a similar method of measuring the pupil in daily prac- 
tice and to determine the width of tlie pupil bv comparing it 
with a painted picture of a pupil, A number of black disks 
arranged in a perpendicular row are held near the eye and 
the disk corresponding to the pupil is then picked out. This 
method is aufficiently accurate for ordinary purpoeea, aa I have 
found in my own practice. 

One of Uie strijis on the opposite page should be cut out 
and attached to tlie millimeter measure which is used for 
measuring the pupillary distance in ordering glasses, or it 
may be pasted on a strip of cardboard. The two other stripe 
will serve to renew this simple instrument. 
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Btripphng of eve-ground in, 79 
reddiah-brown spot in, 76 
Nfacular diaesse. Fig. 5S, I, b 

reflex, 78 
Manifest hypermetropia, 30 
Marginal reOex, SO 
Mtirplc'e electrio ophtlialmoscope, 

65 
Mcdutlated Gbcrs of retina. Fig. 6 
Menisci, atrophic, Fig. 86 
Miliary tubercles in choroid, Fl^ 

7S, 82, b 
Mirror, concave, for abadow-test. 

Mirrors in direct method, 3B, 74 
Myope, eiamination by, 24 
Mvopia, atrophy of, choroid in, 
Fig. 84 
detection of, by transmitted 

light, 51 
disease of macula tutea from. 
Figs. 44, 45 
Myopic eye, measurement of, 26 
true Htaphyloma in, Fig. 86 

meduUated, In ret- 



varicose, in retinitis albuminu- 
rica. Fie. 26, 6, « 
Neuritia atrophy. Fig. 19 
Neuritis, optic, Vig. 1" 



"j "I'm-, riB- "i •* 

id macular chaQjjcs 
of cereboUum, Fig. '<>, u 
section tlirough papilla in. Fig. 16 

Ncurorelinitia albun ' - 



in, Pi^lS 



chamber of, I 

24, a 
eye-ground, 74. Si« also tCye- 

tjround. 
papilla, longitudinal section. Fig. 



OBsTBtiqnoN of central artery, 
Fig. 32 
of superior temporal artery. Fig. 



47 
m refrmctive medin, detection ol 

bv transmitted li«ht. 47 
in vitreous detection of, b 

truiualtted light, 50 
of lens, detection of, by treiu 

mitted light, 48 
Ophthalrooacope, choice of, 58 

description, 18, 58 
Hub's, 62 
JaalcHon's, 65 
Liebreich B, 66 
LorinR'tt. 63 

Randall's modification. 64 
Marplp'a, 65 
Ophlhahnosropic examinatiun, 67 

fiMl Ntfp, 68 



tliird step, QB 
field of virion, niio of, 38 
■tic disc, 77 
nerve, tV 
and retina in albutninuriit, 

Figs. 25 28 a 
atrophy of. See Alntphy, 
choroid, and retlua, njuent in- 

flamniBtioii of. Fig. 73, a 
In orbital tumor, Fig. 18 
diseases of, Pigs. 12-24 
glaucomatuus excavation of. 

Fig. 23 
in slaucoinn. Fig. 24, r, d 
inflammation of. See InJIam- 

miUi'in. 
left, viewing of, 70 
mairormation of, witli mngenl- 

tal choroidal deftcl. Fig. 8, u 
right, viewing of, 71 
through ophthalrooscope. 76 
neuritis and macnlar changes in 

tumor of oerebellum. Fig, 



P*piij,A, 77 

normal, longitudinal section. Fig. 

2 
section through, in neuritis, Fig. 
16 
in papillitis, Fig. 15 



Parallactic dlHplaoelUeiit, 46 
Pencil, honiocentric, 36 
Pernicious anemia, eye-ground S 

Fig. 31 
retina in. Fig. G 
Phantom tiunors of choroid. Tig. t 
Piienotnena, pulsHtion, 82 
Physiologic excavation, 7T 
Pigment, congenital absence i 

Fig. 10, b 
Pigmentary degeuctation oF M 

Pign" 

Ptgruont-epitholiuni ot n. 

genital defect of, Fig- 8, I 

" ■ .rig. a 

Pregnancy, hemorrhogio r~"- 

of. Fig. 63 
PuUatii 
Pulse, arterial, 82, 




Retina, hemorr&hgra Into^ Fig. 36 
in pcrnieiouB anemia, Fig. 07, a 
in rptinitis album inuriea. Figs. 

26, 27, 29 
lu thrombosiB of vpqb ccDtratiB 

retime, Fig. 50, b, c 
InflainniBtion of, in aypbilia, Fig. 

iniurv of. trooi iron splinter, Figs. 

is, a. b, 57 
medullated nervo-fiberg in. Fig. 6 
opBcity of, from blow. Fin. 51, 

52 
pigment of congenital defect of. 

Fig- 9 
pEgmeDtory degeDEratlon of, Figa. 

piamantatlun of, choroiditis sad. 
Fig. 81 
disseminated choroiditis and, 
Fig. 74 

in disseminated choroiditis. 



Fie. 43 
"b, Fig. 72, b 
pigmeDt-cpit helium of, congenJ- 






tal defect of. Fig. 8, 
pulsation In, S2 
reSexes on, 77 

thromlxffliii of blood- veaaela of, 
Fig. 33 
Itetinal arti^ries, Byphilitio disease 



from traumatism. Fig. 58, 6 

detachment. Figs. 69, 61 
and bonds, Hg. DO 
fun nel-ah aped. Fig. 46, b 
total, Fig. 46, b 
«Ith lareration. Fig. 62 

aeparatinn. detection of, by 



Rftioi 

29 
of both eyes. Fig. 20 
varicose nerve-fibers in, Fig. 
26, 6, c 
eircinata. Fig. 64 
diabetica. Fig. 30 
hemorrhagic'. Fig. 33, a 
of pregnancy, hemorrhagic. Fig, 

pigmentosa, Fign. 38, 39, 46, c, d 
prolifcrans, Fig. 6S, b 

Ruica for observing eye-ground, 32 



Sarcoma of choroid. Pigs. 77, 78, 83 
Schmidl-Rimbler method of w 

uring refraction, 45 
Scltra, retina, and choroid, section 

through, Fig. 3 
Scleral ring, 76 
SclcnMis of choroidal vessels. Fig. 

81 
Senile macular disease. Fig. 47 
Shadow-test, 48 

in astigmatism, 52 
Sicblbs, atrophic. Fig. 86 
Skiascopy, 53 

in astigmatism, SO 
Solutio retime. Fig. 62 
Staphyloma, [rue, Fig. 85 
Strippung of eye-ground in macula 

lutea, 79 
Superior temporal artery, obstruc- 
tion of, Fig. 34 
vein, tbrombosi* of. Fig. 33, a 
Syphilis, congenital, eye-ground In, 
Figs. 41, 42 
hereditarv, eye-ground in. Fig. 

40 
iuflaimnation of optic nerve in, 
Fi^. 16 
of retina in, Fig. 16 
Syphilitic disease of retmal arte- 
ries. Figs. 36, 37 
neiiroretinius, Fig. 37 



Tempohai. artery, superior, ob- 
struction of. Fig. 34 
vein, superior, thrombosia of, 
Fig. 33, a 
Thrombosis of central vein. Fig. 
33, J> 
ckf superior temporal artery. Fig. 

of vena centralis retime, retina 
in. Fig. 50, b, c 

Total h>-permetropla, 30 

Transmitted light, examination by, 
47 

Traumatic macular diseaae, Fig. 48 

Tubercle, miliary, in choroid, rigs. 
7fi, 82, 6 

Tubercular growth of choroid, Fig. 
82, c 

Tuberculosis, acute miliary, of cho- 
roid, FiB. 75 
chronic, of choroid. Fig. 7H 

Tumor, detection of, by transmitte<l 
tight, 63 




>h], macula lulen 



lea; posterior, 82 
, centralis TPlinff, 80 

thrombOHis or, retina in, Fig 
50. I>. c 
VentB vorlicoeip, posterior, F'ig. SI 
Venous pub*. 83. 83 
VUon, fjpld of, opbtbalmoecoiiic 



Viaion, lielfl of. lite o(. in dirut 
nielliod, 38 
in intiirpct mcitliod, 42 
Vitrpous, iiir-bubblc in. Fig. 56 
- ■' ' Fig. 68, I, 



foreiKn body 



;. .M 



henmrrhaaes into. Fig. 3S 
layer, byiuinc bodies m. FigE. 73, 

a. S2, a 
opacities in, doteption of, by 

tranRoiitta) li^ht. 50 
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